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A STÏÏDY 0? IKâSTS OF MARINS ORIGIN
SU1#IARY 
Sheena S « Ross
The th e s is  i s  in troduced  by a review  o f th e  l i t e r  a t  w e  concerning 
th e  occurrence and com position of th e  y ea s t f lo r a  of marine f i s h  and 
o th e r p a r ts  o f th e  m arine environm ent.
The experijnental work can bo d iv ided  in to  th re e  se c tio n s  s- 
The f i r s t  of th e se  se c tio n s  concerns th e  c o l le c t io n  and m aintenance 
o f y ea s t c u ltu re s  from v ario u s marine sou rces. A ltogether 235 such 
c u ltu re s  were ob ta ined  and of th e se , dui'ing th i s  survey, 189 were is o la te d  
from marine f i s h  and 11 from sea-w ater. The rem aining 35 were is o la te d  
by o th e r w orkers. Biproved methods fo r  sampling and subsequent i s o la t io n  
of y e a s ts  a re  described*
The second e^qperimental se c tio n  deai-s w ith  th e  id e n t i f i c a t io n  of 
th ese  i s o la te s  u sing  th e  system of Lodder and Kreger^van R ij (1952). The 
213 is o la te s  from marine f i s h  were found to  comprise e ig h t genera « 
Debaryomycos, T o ru lo p sis , Candida» Rhodotorula. P ich ia , T richosporon. 
Cryptococcus and P u l lu la r ia .  D .k loeckeri comprised 457- o f th o se  i s o la te s  
and T. inconsp icu a (va r ) and G .p a ra p s ilo s is  each 114 re s p e c tiv e ly .
The 22 i s o la te s  from o th e r mai'ine sources belonged to  th e  same 
genera as th e  f i s h  i s o la te s  and in  a d d itio n  f iv e  of th e  eleven  s t r a in s  
i s o la te d  l‘rom sea-w ater samples in  t h i s  survey were c l a s s i f i e d  as 
Metschnikowia I c r is s i i  (van Uden and G astelo^branco) nov.comb.
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Although most o f th e  I s o la te s  c lo se ly  resemblod th e  d e sc r ip tio n s  
o f th e  type species some d if fe re n c e s  were obvious and th e se  have been 
d iscussed  in  th e  l ig h t  of p o ss ib le  s t r a in  v a r ia t io n  w ith in  th e  sp ec ies .
The th i r d  se c tio n  of experim ental work com prises fu r th e r  s tu d ie s  
o f th e  i s o la te s .  The r e s u l t s  obhained from th ese  s tu d ie s  and. th e i r  
probable VcaI uo in  e s ta b lis h in g  s t r a in  v a r ia tio n  have been d iscussed .
In fra - re d  spectrophotom etry of whole c e l l s ,  so lub le  and in so lu b le  
c o l lu la r  m a te r ia l was found to  be of l i t t l e  value fo r  species or s t r a in  
d i f f e r e n t ia t io n .  I t  was con jec tu red  tlw i id e n t ic a l  cG llulc.r components 
producing sp e c if ic  sp e c tra  occur in  the  d if fe re n t  sp ec ies and mask the  
e f f e c ts  of d if fe re n c e s  in  o th er c e l lu la r  components,
.U ta lita tiv o  s tu d ie s  of the  f re e  am ino-acid poo ls of c e r ta in  of 
th e  marine is o la te s  and t e r r e s t r i a l  s t r a in s  of corresponding species a lso  
in d ic a te d  th a t  s t r a in  ch a rac t o r i  sa tio n  on th i s  b a s is  i s  im p rac ticab le .
Mo o u tstan d in g  -..jUalitativo d iffe re n c e s  between th e  eoi.reo;-!> ions of tho 
f re e  amino-oc '.1 pools of th e  mari.ne and t e r r e s t r i a l  s t r a in s  wore apparent 
The maximum co n cen tra tio n  of MaGl to le ra te d  by th e  marine is o la te s  
was found to  be a fe a tu re  of each s t r a in  and th e re  was a c o r r e la t io n  
reg ard in g  halo"^tolerance among s tr a in s  of a p a r t ic u la r  species iso la te d  
from diffG:re.nt marine lo c a tio n s . Complex c" nit.ro;; :n . ources were
found to  s tim u lâ te h a lo -to le ra n ce  in  th e  i s o la te s .  As the  co n cen tra tio n  
of MaGl was in c reased  in  th e  groubh medium a p ro lo n g a tio n  in  th e  yeasts* 
la g  phase was observed but th e i r  growth r a te  remained f a i r l y  co n s tan t. 
S t r a in s /
S tra in s  of D .k loeokerl were found to  ex h ib it optim al growth in  media 
co n ta in in g  1 ,0  to  3 . Op NaOl, whereas th e  o th e r sp ec ies te s te d  grew 
b es t w ithout NaOl,
The th e s is  concludes w ith a d iscu ss io n  concerning th e  occurrence 
and species d is t r ib u t io n  of th e  y e a s ts  is o la te d  during  th i s  survey.
Skin sa.mples had th e  h ig h est incidence of y ea s t occurrence5 th e  
samples from the  g i l l s  and mouth ex h ib ited  th e  next h ig h est inc idence , 
w hile a much lowor value was recorded  in  those  from th e  fa ec e s .
S tra in s  o f D .k loeckeri were predominant araong th e  i s o la te s  from 
every lo c a tio n  of s£unpling,whereas th e  occurrence of o th e r  species and 
th e  p ro p o rtio n  of i s o la te s  com prising them v aried  in  th e  d if fe re n t  
geogî^aphical a re a s . R esu lts  a lso  in d ic a te  th a t  d i f f e r e n t  f i s h  species 
may ca rry  th e i r  own c h a ra c te r i s t ic  y ea s t f lo r a .
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P R E F A C E
The bulk  of m arine b io lo g ic a l re se a rc h  to  d ate  has been 
concirrned w ith  th e  u ti3 .is a t io n  of marine b io ta  as food reso u rce s  
f o r  man# Marine m icrobiology has made some im portan t c o n tr ib u tio n s  
in  t h i s  f i e ld ,  e s p e c ia lly  w ith  reg a rd  to  m icro-organism s pathogenic 
fo r  m arine anim als and th o se  causing  sp o ilag e  of m arine m a te r ia ls . 
Only a sm all p ro p o rtio n  of th e  micro^^organisms com prising th e se  
two c a te g o r ie s , however, was found to  be y e a s ts  and th e re fo re  
th e se  organism s have rece iv e d  but scan t a t te n t io n  from m arine 
m ic ro b io lo g is ts  in  p a s t years#
I t  i s  hoped, th e re fo re ,  th a t  t h i s  study of y e a s ts  c o l le c te d  
from th e  m arine environm ent, m ainly from f i s h ,  may be a u se fu l 
c o n tr ib u tio n  to  th o  x*apidly expanding f i e l d  o f m arine m icrobiology.
— X
INTRODUCTION AND RIWIEW
In  th e  l a a t  s ix ty  y ea rs  many re p o r ts  have appeared reg a rd in g  
th e  la rg e  b a c te r ia l  poptO»ation a s so c ia te d  w ith  m arine f i s h ,  th e  
e a r l i e r  o f  which inc luded  th o se  by F o rs te r  (1887), Reed and Spence 
(1929), Sanborn (1930;, S-tewart (1932), Gibbons (1934), Wood (1940) 
and re c e n tly  th e s e  b a c te r io lo g ic a l  in v e s t ig a t io n s ,  e s p e c ia lly  o f  
com m orcially im portan t sp ec ie s  o f  f i s h ,  have been in te n s i f ie d ,  e .g . ,  
Dyer (1947), Shewan (1949), Reay and Shewan (1949), L is to n  (1955,
1956, 1957) ,  Georga3,a (1957, 1958) • However, d e s p ite  t h i s  in c re a s in g  
i n t e r e s t  in  th o  n a tu re  o f  th e  m ic ro - f lo ra  o f  m arine f i s h ,  a t  th e  tim e 
o f  nndertalcing t h i s  study  scan t in fo rm ation  e x is te d  reg a rd in g  y e a s ts  
as a  s p e c if ic  p a r t  o f  t h i s  m icro -flo ra*  Moi^of th e  r e p o r ts  o f  th e  
occurrence o f  th e  l a t t e r  m icro-organism s in  t h i s  a s s o c ia tio n  have 
been in c id e n ta l  to  prim ary b a c te r io lo g ic a l  in v e s t ig a t io n s  and f a i l  
t o  d e sc r ib e  th e  organism s in  d e t a i l ,  th u s  malcing id e n t i f ic a t io n  
u n c e r ta in  o r im p o ssib le . The fo llow ing  r e p o r ts  a re  ty p ic a l  
exemples o f  suohs-
During an in v e s t ig a t io n  o f  th e  b a c te r ia l  f l o r a  o f  so3.mon in  
North P a c if ic  im te rs , Snow and Beard (1939) found th a t  y e a s ts  
com prised from o n e -h a lf  to  one p er cen t# , o f  th e  m icro-organism s 
i s o la te d  from samples from g i l l s ,  sk in  and anus. No d e s c r ip tio n s  
o f  th e  y e a s ts  were, however, p rov ided  by th e s e  w orkers. Wood (1940) 
i s o la te d  s ix te e n  s t r a in s  of y e a s ts  from v ario u s  meirine sow oes in  
E as te rn  Austra3.ian w ate rs . T h irteen  o f  th e se  s t r a i n s ,  which were 
d e s c r ib e d /
d esc rib ed  m  "plnli: and very  p o o rly  r é a c t iv é ” , inc luded  f iv e  f^ora 
m u lle t slim e and tlire e  from f la th e a d  a line*  One “w hite  y e a s t” was 
a lso  i s o la te d  from m u lle t slim e emd two “block  y e a s ts ” from f la th e a d  
g i l l s I  ag a in  no f u r th e r  id e n t i fo a t io n  o f  th e  i s o la te s  was made.
Also from th e  sk in  o f  a  l iv o  shark  caught in  w ate rs  o f f  New South 
Woles ; A ustra lia ., th e  l a t t e r  worker, Wood (1950), i s o la te d  a  y e a s t 
which he d esc rib ed  as a  ”piiAc to r u la ” end in  th e  cou rse  o f  
b a c te r io lo g ic a .1 in v e s t ig a t io n s  in  th e  same w aters (1953) he is o la te d  
a  fu r th e r  th ir ty - tw o  y e a s ts  o f which tw enty-seven a re  d escrib ed  as 
“p in k  and u n re a o tiv a ” , th re e  as  “w hite  y e a s ts ” and two as “black  
y e a s ts ” . T h irteen  o f th e s e  i s o la te s  were from t e l e o s t s ,  on© from an 
elasm obranch and th e  rem ainder from soa-w ater and m iid-sanples tak en  
i n  th e  sm e  a re a  as th e  f i s h .  I t  i s  p robab le  th a t  th e  y e a s ts  
d esc rib ed  as  “pinlc and u n re a c tiv e ” and as “p ink  to r u la ” were s t r a in s  
o f  Rhqdotorulq. and th a t  “b lack  y e a s ts ” belonged to  th e  genus 
P u l lu le r iq . The d e s c r ip tio n  o f  “w hite y e a s ts ” , however, i s  to o  
vague to  porm it even a  p rov isiona l, d ia g n o s is .
Dyer (1947) w hile  in v e s tig a tin g  th e  m ic ro - f lo ra  o f A tla n tic  
cod ( Uadiis c a l lo r ig q ) . ob ta ined  th i r ty - e ig h t  i s o la te s  iihieh he 
d e sc rib ed  as  ”y o a s t-1  Hie” ox*ganisms. T h irteen  o f  th e s e  were 
found in  slim e from l iv e  f i s h ,  te n  in  f i s h  fae c e s  and tw elve wore 
is o la te d  from f i s h  s to re d  fo r  some tim e on board  th e  f is h in g  v e s s e l .
A group o f  th i r ty -o n e  o f th e se  i s o la te s  i s  d esc rib ed  as being  
“p robab ly  ro se -co lo u re d  toru3.a” (nrobably  sp ec ie s  o f  R hodotorula) ;  
ano ther group com prised s ix  “w hite to r u la ” and one “dork broim y e a s t 
p ro d u c in g /
— 3 —
producing  fo u r sp o re s” * No more d e t a i l s  o f  th e s e  yeasts*  
c h a ra a te re is tic s  were reported, th u s  making th e ir  f u r th e r  id e n t i f ic a -  
gtion  im possib le. Theee”y e a s t- l lk e  organism s” , to g e th e r  w ith  some 
“m ould-like organism s” , com prised 1 .0 4  of th e  t o t a l  i s o l a te s  from 
ammples incubated  a t  20^ 0 , ,  and t h i s  f ig u re  inoreaeod  to  1 3 .3 4  in  
th e  cas© o f the sam ples h e ld  a t  4^ 0 .
During an in v e s t ig a t io n  o f th e  b a c te r ia l  f lo r a  of sk a te  (R aja 
sp p .)  and lemon so le  (P lau ro n ec tes  m iarooenhalua) in  th e  North Sea, 
L is to n  (1957) found 44 o f  th e  m icro-organism s is o la te d  a t  37^ 0 . ,  
from skat© were y e a s ts  and moulds; under sim ilar co n d itio n s  no 
y e a s ts  o r moulds were d e te c te d  in  th e  lemon s o le . L is to n , however, 
c a r r ie d  ou t most o f  h i s  i s o la t io n s  a t  20^ 0 , ,  and 0® 0 . ,  b u t has made 
no m ention o f f in d in g  y e a s ts  a t  th e se  tem p era tu res . Also on record  
i s  th e  i s o la t io n  by Konokotina and Krassihulcow (1930) o f  a yoaet 
s t r a i n  described as resembling Debarvomyces ty ro co la  (now designated  
Debarvomyoes h an een ii by Lodder and Kreger-van H ij, 1952) from the  
in te s t in e  o f a  cetaceous mammal, th e  porpoise.
Several o th e r  r e p o r ts  have a lso  been made o f  th e  occurrence o f  
y ea s ts  on marine anim als, apart from f i s h .  Hunter (1920) found th a t  
a  “pinic yeast" was resp onsib le fo r  th e  sp o ilage o f  o y sters during
shipm ent from New England beds. This organism , termed “to r u la ” , 
which grew rea d ily  a t  low temperatures, i . e . ,  6^ G ., was a lso  found 
to  be present In  the surface as w ell as th e  bottom w ater o f  the oyster*
beds and on 2 6 .34  o f  h e a lth y  oysters sampled. I'Vom fr o m n  oysters  
McCormack (1950) a lso  I s o la te d  “p in k  y e a s ts ” which cou ld  grow a t  
te m p e ra tu re s /
tem p era tu res  ran g in g  from F .,  t o -30® I '\ ,  and reproduced on o y s te rs  
h e ld  a t  0® F. In  a  fu r th e r  exam ination o f th e se  y e a s ts  HcOorraaok 
(3.956) claim s to  have observed a s c i  w ith one to  fo u r sp o res , a  f a c t  
which malms id e n t i f i c a t io n  o f  th e se  y e a s ts  esc trm ely  d i f f i c u l t  u n le ss  
th e y  were p o ss ib ly  Sporobolomyoes.
Tho occurrence o f y e a s ts  on slirimps (PeneauB s e t i f e r u s )  has 
been re p o r te d  by F haff e t  al# (1952) who is o la te d  t h i r t y - f i v e  y ea^ t 
s t r a in s  in  th o  eourso  o f  a  tlireo -y o o r bao to rio3 .og ica l study  o f  th e se  
anim als in  th e  G ulf o f  Mexico. In  c o n tra s t  w ith  th o  forego:lng 
r e p o r ts ,  th e  i s o la te d  s t r a in s  were in v e s tig a te d  f u l l y  f o r  taxonomic 
c h a ra c te r  1s t  l e s , s a l t  to le ra n c e  and tm p o ra tu re  range over which 
^o ifb h  o ccu rred . lileven s t r a in s  were c l a s s i f i e d  as R hodotorula, s p p ., 
n in e  as T riqhpsporon spp*. th re e  as  Torulopsi s  spp#, fo u r a s  P u l lu la r ia  
S pp ,, s ix  as  Qandida sp p ,, and two as Hansenula spp* Amongst th e se  
th ey  d eao rib ed  f iv e  new sp ec ie s  -  Tx*ichosporon d id d e n a ii , T r , lo d d e r i , 
R hodotorula peneaus, Rh, to x e n s is , Rh^mm?ina -  and a new v a r ie ty  
Gutoneum v a r . peneaus,
M ic ro b io lo g ica l s tu d ie s  o f  e d ib le  mceine s h e l l - f i s h  from Japanese 
w aters were undertaken by Kobayasi e t  à l .  (3.953) and Nakashna (1.954, 
1955, 3.957) who obscsrved y e a s ts  in  th e  gu*b and m id-gut gland o f  th e  
l.lttle-neok  clsm and the oystoï* (Ostada
g ig§s)e  From th e  raid-gut. gland o f th e  form er animal.s th e  fo llow ing  
yea,St sp ec ie s  were is o la te d  -  
Oandidg/
Candida spp ., Pebaryomvoes kloeok e rl, Hansenula anomaJ-a, P u llu la ria  
Dul3.u3.ans (Berkhout) « Rliodotorula minuta* Rh, mucilaffinosa* RIi. rubra
i!hiiiMiiffjiW4iiw» iw j*iii twic ,tiB ia  ^ ^  *mnHu n< i n«  %i*'j wWi K r t c - m ik#  •  t  JUB^m^AU o ih ww.j
and ToKtiSESM -aiLte*
Since t h i s  p re se n t siifvoy was s ta r te d  th e  r e s u l t s  o f  se v e ra l 
Btud:les d ea lin g  sp e o lf ic c d ly  w ith  th e  y e a s t m la ro - f lo ra  o f v a rio u s 
m arine m a te r ia ls ,  in c lu d in g  m arine anim als, have been published*
F e l l  and Roth (1961) in  an e x te n s iv e  in v e s t ig a t io n  o f th e  ecology 
and taxonomy o f y e a s ts  ooouxring in  waters near South F lo r id a  and 
The Baliamas is o la te d  one himdred and n in e ty -o n e  y e a s t s t r a in s  from 
a lg ao , g ra s s e s , sea-w ato r, sedim ents and fa e c a l  co n te n ts  o f  f i s h  
c o l le c te d  in  th e se  m:"eas. A pproxm ately  704 o f th e  f i s h  o f  d iv e rse  
genera  (u n sp ec ified ) proved to  have y e a s ts  in  th e 3 r  f a e c a l  co n ten ts  
among which sp ec ie s  o f  th e  genera Qandida, Rhodotoru3.a and 
T richosporon predominated* The q u a la t l t iv e  and q u a n t i ta t iv e  d a ta  
c o l le c te d  during  t h i s  in v e s t ig a t io n  i s  no t g iven  in  th e  above re p o r t  
b u t I t  appears t h a t  th e  au th o rs a re  suggesting  th a t  in  th e  m arine 
onv:)rormiant th e  i n t e s t i n a l  co n ten ts  o f  f i s h  do no t appear to  be an 
im portan t s i t e  o f  y e a s t p ropagation  when compared w ith  o ff-sh o re  
w ate rs  and sedim ents where abundant y e a s t p o p u la tio n s  were do teo tod .
Roth e t  a l .  (1962) re p o r te d  fm other d a ta  r e s u l t in g  from a  
c o n tin u a tio n  o f th e  above in v e s tig a tio n , in  which one hundred and 
tw eaity-seven y e a s t s tr a in s , com prising s ix teen  sp e c ie s , were is o la te d  
from th e  in t e s t i n a l  t r a c t s  o f  614 o f  th e  mai'ine t e l e o s t s  examined* 
Froro/
From th e m ajority o f  f i s h  only one or two yeast sp e e ie s  were o b ta in ed  
p e r  spccMen* In  f i s h  oaiight in  in sh o re  w ate rs , in  Biaeayne Bay, 
F lorida , M g h a g ^ |ro a _ o # a m m  was tho most commoii3.y oocurrlng yea st  
sp so ie s , being found in  50$ o f  th e f is h  sampled. S trains o f  the  
Bpaoias Candida paraP silosiB . Sa. t r o p io ^ ls ,
Rhodotorula rubra. Bh.. pjlimanaa.
k lo e o k e r i* H anseniaspora v a lb y en sls  wore a lso  is o la te d .  The f i s h  
o a tch  eomprisod tw onty-ttjo  speolmens Haemulon spp*, one Parana s p p ., 
and one app*
In  Deoombor, I960 and in  January , 1961 th e  i n t e s t i n a l  contents  
o f  f i s h  caught n ear th e  t r o p ic a l  Island  o f B im ini, The Bahamas, were 
sampled. From th e  f i r s t  catch  R haM C T iiJalM fea was found to  bo 
th e  most p re v a le n t yeast sp e c ie s , being is o la te d  from fo u rte e n  o f  th e  
th i r ty - o n e  f i s h  sampled# Also; I s o la te d  in  t h i s  in s ta n e e  were s t r a in s
i s  and S tra in s  o f th e
l a t t e r  sp ec ie s  were found to  predominate amongst th e  y e a s t i s o la te s  
from th e  aeeond f i s h  e a t  eh from which s t r a in s  o f  Candida t r o n ie a l i s  
R hodotorula p ll to a n a e  and T oru iopsis  sp p ., were a lso  Iso la ted #  F ish  
e o a p ris in g  th e  f i r s t  e a t  eh wore f i f t e e n  speoimens Haemulon son#. te n  
Stonotomua spp#, four Oeyurus opp.^ one Anlsotremus spp#, and on©
^  ♦  •— ■i=MiWV*nn0S#CCV'SIUfK#*VTWfJW9!>nR*Slt —' "  “
LaohuQlainus spp*, whereas th e seoond e a t  oh oomprlsed two S o rio la  
spp#, two E g lie te a  spp#, one M alaeanthua spp*, one H allchoereo spp#,
two Parana spp#, ©ne H alecen trus spp*, on© Anlsotrcmus spp*, and two 
u n id e n t i f ie d  speoimen^#
Y easts were a lso  is o la te d  during  t h i s  study  fro îi th e  gut co n ten ts
o f /
of c ru s tacean s  of which one hundred and th ir ty - s e v e n  sam;: ' es 
re p re se n tin g  te n  genera y ie ld e d  y e a s ts  in  n in e tee n  (144). From th e  
whole washed bodies or gut co n ten ts  of lowor in v e r te b ra te s  e .g . ,  
copepodsj h igher numbers of yea.rbs were is o la te d .  F ight of th e  
fo u rte e n  samples (574) re p re se n tin g  e ig h t genera of th e se  anim als 
y ie l  led y e a s ts .  The su rface  washings from th e  l a s t  two groups of 
anim als were a lso  found to  co n ta in  y e a s ts  and t h i s  fIo n / g en e ra lly  
resem bled more c lo se ly  th a t  of th e  ad jacen t w aters and sedim ents than  
th a t  from th e  an im als ' gut co n ten ts  or whole washed bod ies.
Regarding th e  occurrence of y e a s ts  in  th e  in t e s t i n a l  co n ten ts  of 
f i s h  sam.ded during th e se  s tu d ie s  Roth a t a l.(1 9 6 2 ) reached a 
conc lusion  s im ila r  to  th a t  of F e l l  and Roth (1961), i . e . ,  th a t  “in  
t h i s  lo c a t io n  y e a s t sp ec ies appear to  be o f t r a n s i to r y  n a tu re  and 
r e s t r i c t e d  in  p o p u la tio n  d e n s ity ."  As no f ig u re s  of y ea s t p o p u la tio n  
d e n s i t ie s  in  f i s h  have been pub lished  by th e  l a t t e r  workers i t  must be 
in fe r re d  th a t  they  have drawn th e i r  conclusions from th e  sm all number 
of d i f f e r e n t  y e a s t species ob ta ined  from each f i s h ,  and a lso  th e  f t c t  
th a t  y e a s ts  were found in  only 614 of th e  f i s h  samples examined.
In  th e  course of an in v e s tig a tio n  of th e  y ea s t f lo r a  of v a rio u s  
m arine m a te r ia ls  from th e  sajiie a rea  in  wliich th e  l a t t e r  s tu d ie s  were 
made, O a p r io tt i  (1962)® a lso  examined th e  i n t e s t i n a l  co n ten ts  of 
seventeen  sp ec ies  of m arine anim als, m ainly f i s h ,  and y e a s ts  were 
found in  only te n  of th e  f i f ty - s e v e n  Bam ples(20;) .  The most 
p re v a le n t y e a s t s t r a in  d escrib ed  as Candida I  spp. was found in  fou r 
f i s h /
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f i s h  and a lso  is o la te d  were s t r a in s  o f
a s Ë s i » s s i _ i a M s ^ œ  and
Two nex! y e a s t  sp eo ies  -  M e ts o h r ^ w ia ^ M ^ lg ,  and K ^ s o W l i l  -
i s o la te d  in  th o  P a c if ic  Ocean have been decorIbed  by van-ïïden and 
O actelo-branco  (1961) « Both apecies were found in  coa-w ater bu t th e  
l a t t e r  was a lso  found in  g re a te r  mmbere in  th e  gu t co n ten ta  o f  topem elt
P ao lfio  Jaok m aokerel (TraMtumg 
which were caught o f f  th e  co a s t o f  La J o l l a ,  C a lifo rn ia . 
T h is genua m e  f i r s t  d esc rib ed  by M etechnilw ff (18B4) who found th e se  
y eae t-ljJk e  organism s in  th e  body c a v ity  o f jM m i& _m agna, a  freeh -w a te r 
c ru s ta c e a n . Both new sp ec ie s  were found capab le  o f  p a r a s i t i s in g  t h i s  
anim al under experim enta l co n d itio n s  and th e  au th o rs  suggest th a t  they  
may a lso  be capab le  o f facu 3 .ta tiv e ly  p a r a s i t i s in g  m arine c ru stacean s  
and o th e r  organism s on which f i s h  feed  and th u s  gain  e n try  to  th e  f i s h  
g u t. In  t h i s  l a t t e r  connection  K ris a and Novosihilova (1954) have some 
evidence th a t  y e a s t a may p la y  an Im portant p a r t  in  th e  n u t r i t io n  o f 
th e  m arine worm, N ere is suco inea, which forms th e  bu lk  o f th e  
aooplankton in  th e  Sea o f Agov and Caspian Sea and which may w ell 
se rv e  as a  food source fo r  many f i s h .  Another new y e a s t sp ec ie s  o f 
m arine o r ig in ,  T o ra lo p sia  haem ulonii. has r e c e n tly  been describ ed  by 
van-^Uden and K o lip in ak i (1962). S tra in s  o f t h i s  sp ec ie s  were is o la te d  
from th e  gu t o o n ten ts  o f  a  f i s h ,  Haomuloi.LSou.lrug, Shavr ( "b lu e s tr ip e d  
g ru n t" )  caught o f f  Miami, F lo r id a  and al.so from a  w ater sample from 
Biscayn© Bay and from sea-w ater c o l le c te d  in  th e  A tla n tic  Ocean, o f f  
t h e /
-  y
th e  co a s t o f L isbon, Portugal#
Another re c e n t c o n tr ib u tio n  concerning y e a s ts  from m arine 
h a b i ta t s  i s  a  paper by Biepmann and Hbhnk ( I 962) ,  d e sc rib in g  th e  
i s o la t io n  end id e n tif lo a t io n  o f y e a s ts  and fu n g i from samples o f 
v a rio u s  m arine m a te r ia ls ,  e .g # , f i s h  shrimp eggs, sea-cuoum bers, e t c . , 
ta k en  during two voyages in  th e  North A tla n tic  Ocean. A ltogether 
one hundred and tw enty y e a s t c u l tu re s  were o b ta in ed  in  t h i s  study o f 
which f i f ty -o n e  were ob ta ined  from f i s h  and com prised Debaryomyoas
i  ( 20) ,  T richosporon cutaneum (3.3), H ansensula ca3 .ifo rn ica
kloG okeri (2)* R hodotorula
SH SiiaSlaSSi ( 2) (1 ) ,  I te t t lo a a ls ^ M d id a  (1 ) ,
m (1) and a new sp ec ies , (1 ) .
T"rom other m arine sources cu ltu res were o b ta in ed  o f QryptooocQUs
la u ro n td i ,  R hodotorula rubra* Rh. to x e n s is  (P haff e t  a l . ,  1952) and 
two new SDecies Triohosnoron a tlan tio w n  and Trichosnoron m aritinum .
In  a  re c e n t b a c te r io lo g ic a l  study o f  d is ta n t  w ater cod landed
a t  P o rt o f Hu3.1, Spencer (1961) re p o r te d  f in d in g  y e a s ts  in  a  number
o f  samples incubated  at 20® 0* From Bear I s la n d  cod, y e a s ts  comprised
34 o f th e  i s o la te s  from on© hundred and e ix teen  sk in  samples and 44
o f  th e  tw enty-three f le s h  se ap le s , w hile  from cod caught o f f  th e
Norwegian co a s t y e a s ts  com prised 2% o f  th e  i s o la te s  from both  th e
hundred and one sk in  samples and th e  hundred and th J r ty -n in e  f le s h
samples. No f u r th e r  d escrip tion  o f th ese  is o la te s  was made. De
S ilv a  (I960) a lso  re p o r te d  th a t  a  number o f y e a s ts  -  yellow , re d ,
plnls and w hite  -  w ith  a  v a r ie ty  o f m orphological fea tu res , were is o la te d
w ith  r e l a t i v e  ease during  a  b a c te r io lo g ic a l  stu(% o f North Sea herring  
although/
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although  s e le c t iv e  media fo r  y e a s ts  were not employed.
Th© r e s u l t s  o f many b o o te r io lo g le o l s tu d io e  hav© in d ic a te d  th a t  
th e re  i s  a  general. s3 m lla r ity  between th e  b a c te r ia l  f l o r a  o f f i s h  and 
t h e i r  surrounding mai'ine environment -  Z obell ( I 946)# F u rth e r 
evidence th a t  t h i s  envis^onment may be th e  source o f  many orgonisms 
found on f i s h  i s  th e  d iscovery  o f some c o rre la iiio n  between planlcton 
o u tb u rs ts , which must i n i t i a l l y  a f f e c t  th e  sea-w ater m ic ro -f lo ra , 
and seaso n a l in c re a se s  in  th e  number o f  b a c te r ia  found on f i s h  -  
L is to n  (1956) ,  Georga3.a (1958), As y a t  l i t t l e  d a ta  i s  a v a ila b le  to  
in d ic a te  lA eth er th e  y e a s t m ic ro -f lo ra  o f f i s h  i s  s im ila r ly  in flu en ced , 
bu t in  view o f thee© fin d in g s  reg ard in g  b a c te r ia  i t  may b© p r o f i ta b le  
a ls o  to  co n sid er r e p o r ts  o f  y e a s t i s o la t io n s  from m arine som 'cea, 
o th e r  th an  f i s h ,  such as sea-w ator, bottom s i l t s  and muds, m arine 
p la n ts  and o th e r  m arine aniaa3-Sp R eports .regarding y e a s t occurrence 
in  th e  la s t-n m o d  lo c a t io n , i . e , ,  o th e r m arine an im als, have, fo r  
reaso n s  o f convenience, been a lread y  d iscu ssed  and i t  i s  now proposed 
to  review  re p o r ts  o f y e a s ts  found in  o th e r p a r t s  o f  th e  marin© 
en v lr  o rn en t.
The e a r l i e s t  r e p o r ts  o f y e a s ts  in  th e  seas wore th o se  by F isch e r 
(1894) who in d ic a te d  th e i r  wide d is t r ib u t io n  in  th e  sm 'face la y e rs  o f 
th e  A tla n tic , s in ce  th ey  were not only found in  c o a s ta l  w aters bu t 
a ls o  a t  a  d is ta n c e  o f se v e ra l hundred m iles from la n d . Fm’therm oro, 
t h i s  worker clalJiied th a t  th e  frecjuency o f y e a s t oocurrenoes appeared 
g re a te r  in  th e  h ig h er la t i tu d e s  and th a t  no y e a s ts  were found below 
a b o u t/
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about 31^# The i s o la te s  were d escribed  as “w hite and red  to ru la  
sp e c ie s" , non-ferm en tative  and non-fllm -form ing . Also recorded  were 
"b lack  y e a s ts " ,  a mycoderma-lilce form and two s t r a in s  is o la te d  in  th e  
Skagerrak d escrib ed  as resem bling  Sgccharomyces e llip s o id e u s  I I  and 
vS.pastorianus II# A y e a s t s t r a in ,  found near th e  Azores Islands*  was 
d escrib ed  by F isch e r and Brebock (1894) in  d e t a i l  and c a lle d  
B lastodorjaa salm onicolor* This species was l a t e r  designated  
Sporo'bolomyces salm onicolor by Lodder und K reger-van R ii (1962).
Issachenko (I9 I4 ) w hile in v e s tig a tin g  th e  b a c te r ia l  f lo r a  of th e  
A rc tic  Ocean rep o rte d  th e  i s o la t io n  o f ro se -c o lo u red  and b lack  y e a s t 
s t r a in s .  The former s t r a in s  were describ ed  b r ie f ly  v/ith reg ard  to  
th e ii ' m orphological and c u l tu r a l  p ro p e r tie s  bu t were not id e n t i f ie d  
and th e  two "black  y ea s ts"  were d escribed  as a new species -  Nad son- 
: i e l l a  n ig ra  ( Issachenko ,1929)• From th e  su rface  of th e  v ario u s spec- 
î l e s  of m arine a lg ae  c o l le c te d  on th e  Murmansk co ast of th e  same ocean, 
Madson and 3urgvitz(1931) is o la te d  twenty-two y e a s t s t r a in s ,  f i f t e e n  
of which were d escrib ed  as "w hite to ru la  species" and seven as " red  
to r u la  sp e c ie s" . About h a lf  of th e  "white to r u la  species" could not 
ferm ent carbohydrates or d id  so only s l ig h t ly ,  th e  rem ainder being ab le  
to  ferm ent a nuniber of carbohydrates; a l l  th e se  y e a s ts  grew w ell a t  
2®0 to  4®G. K udriavtzev (1932, 1933) a lso  re p o r te d  th e  is o la t io n s  of 
y e a s ts  from th e  su rface  of marine a lgae which was c o lle c te d  on th e  
f a r - e a s te r n  shores of th e  P a c i f ic ,  In  h is  c o l le c t io n  of f o r ty - th r e e  
s t r a in s  one was d escrib ed  as a new sp ec ies  -  Madsoniomyces sphenoides.
As/
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As waa th e  ease  w ith  th e  re p o r ta  oonoeriiing y e a s ts  occiirrisig on 
f i s h ,  th e  early  authors of the above s tu d ie s  gave soant d e sc r ip tio n s  
o f  th e  is o la te d  organism s, thereby  malting t h e i r  id e n t i f ic a t io n  im possib le 
in  terms o f present-day nomenclature# N ev erth e less , t h e i r  r e p o r ts  
se rv e  as an in d ic a t io n  o f th e  w idespread occurrence o f y e a s ts  in  th e  
w orld's seas and oceans# The reports o f  Zobell and F e lth aa  (1934) 
and Z obell (2.946) o f  th e  occurrence of y e a s t co lo n ie s  on most c u l tu re  
p la te s  in o c u la ted  w ith  marine m a te r ia ls  c o l le c te d  in  th e  open w aters 
o f  th e  P a c i f ic ,  as w ell as in  w ater near th e  O a lifo rn iao  Coast, a lso  
s u b s ta n tia te d  th e  f a c t  th a t  y e a s ts  a re  u b iq u ito u s members o f th e  marine 
m ic ro -flo ra*
In  re c e n t y e a rs  more d eta iled  s tu d ie s  d ea lin g  sp e c if ic a lly ' w ith  
t h i s  m arine y e a s t m ic ro -f lo ra  have been undertaken# A generous 
c o n tr ib u tio n  to  t h i s  ecology has been made by contemporary Soviet 
m ic ro b io lo g is ta 5 a  team o f whom began ex ten s iv e  in v e s tig a tio n s  o f th e  
m io ro -f lo ra  o f  th e  Black Sea in  1946 -  K riss  (1959), During th e  y e a rs  
1946, I 94B and 1949ÿ w ater samples were tak en  from v a rio u s  d ep th s, i . e . ,  
from su rfa ce  to  bottom , a t  s ta t io n s  s i tu a te d  no t on ly  in  co aS ta l reg io n s  
b u t up to  s ixby  m iles o ff-sh o re  in  deep w ate rs , i . e . ,  2 ,000 m etres.
During th e se  years only f iv e  y ea sts  were i s o la te d  from two hundred 
samples and from th ese  observations i t  was concluded th a t  th e  Black 
Sea i s  a  poor m ilie u  fo r  y e a s t l i f e .  However, in  1949 th e  then  new 
method in v o lv in g  th e  use o f membrane f i l t e r s  f a c i l i t a t e d  the sampling 
o f  la rg e r  volumes o f  w ate r. This techn ique th en  re v e a le d  budding y e a s t 
c e l l s ,  even in  w aters from th e  greatest dep th . T his sampling techn ique  
w as/
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was th u s employed fo r  fux 'ther sampling du ring  1950 by K rls s , Rulcina 
and Tikhouenko (1952) and achromogenic , clxcomogenic and fu n g a l- l ik e  
forms of y e a s ts  were found a t  most depths in  sm all numbers, i . e . ,  
le s s  th an  one per ml. F orty  c u ltu re s  ob ta ined  during  th i s  in v e s t i -  
sg a tio n  wore c l a s s i f i e d  according  to  Lodder and Kroger-van R ij (1952) 
and K udriavtsev  (1954) and a  f u l l e r  d e s c r ip tio n  of them was given by 
Rulcina and Movozhilova (1952). They were p laced  in  th re e  fa m il ie s , 
i . e . ,  Rhodotorulaceae (Lodder), T orulopsidaceae (Lodder) and 
Saccharomycodaceae (K udriav tsev ), as in  Table 1.
TABLE 1
Species com position o f y e a s ts  is o la te d  from v ario u s p a r ts  of 
th e  Black Sea -  Rukina and Novozhilova (1 9 5 2 );-
R hodotorulaceae Rhodotorula g lu t in is  v a r . infJxm o-m iniata
Rhodotorula ruJ^ula
Rhodotorula m ucilaginosa v a r . sanguinea
T oru lopsidaceae T oru lopsis  pu lcherrim a
T oru lo p sis  minor 
T o ru lopsis  Candida 
T oru lopsis  Laurenti i  
T o ru lopsis  a e r ia
Saccharomycodac eae H anseniaspora a p io u la ta
Also is o la te d ,  but not i.ndicated  in  Table 1, were y e a s t - l ik e  
organism s w ith w ell defined  m ycelia resem bling  L y co -to ru lo id eae , 
During t h i s  survey th e  most w idely occu rrin g  y e a s t species in  th e  
B lack Sea were found to  be T oru lopsis p u lch errim a , T .m inor,
T«L auren ti i  and R hodotorula r u fu la .  I t  i s  s u rp r is in g  to  n o te , in  
view of th e  f in d in g s  to  th e  co n tra ry  in  t h i s  p re se n t survey and th e  
r e p o r t s /
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r e p o r ts  o f  othoj;» w o rk e rs ,th a t sp a rin g  y e a s ts  wero not found in  th e se  
w ate rs  even in  samples from s h a l lo w ,l i t to r a l  areas*
Between 1950 tuid 1953 th e se  raicroM ological, in v e s tig a tio n s  
con tinued  in  th e  B lack Sea and were a lso  extended to  th e  deep w ater 
a rea s  o f  th e  Sea o f Okhotsk and ad jo in in g  re g io n s  o f  th e  P ao ifio  
Oceon K ris s .a n d  NovoJ3hilova(I954)> MovogthlXova (1955), l î r i s s  (1959)* 
The m a jo rity  o f th e  sampling s ta t io n s  were p laced  over open w aters up 
to  one hundred and f o r ty  m iles  from th e  n e a re s t land* Such s ta t io n s  
allow ed samples to  be taîcon from th e  su rfa ce  la y e rs  to  depths as g re a t 
au 4 ,800 m e tre s . At a  fm-r s ta t io n s  seaweed ca tch es  and planlcton from 
v a rio u s  s t r a t a  ran g in g  from th e  su rface  to  2 ,000 m etres were a lso  
in v e s tig a ted *
R e su lts  o f  th e  s tu d ie s  rev e a le d  th e  w idespread occurrence o f 
y e a s ts  t!%roughout th e se  a re a s , a lthough th e  numbers ocoux'ring in  
s u p e r f ic ia l  s t r a t a  and shallow  l i t t o r a l  îsones were g en e ra lly  
p ro p o rtlo n a te ly  g re a te r  thrm  in  p e la g ic  w aters o r  th e  open se a s , 
re sp e c tiv e ly *  The r ic h e s t  souroe o f  y e a s t ,  hoimver, proved to  bo th e  
p lan k to n  ca tch es  o f  which 90$ o f  th o se  In  th o  Black Boa and 504 o f  th o se  
in  th e  Sea o f  Okhotsk and th e  P a c if ic  were found to  c o n ta in  y e a s ts ,  th e  
numbers o f  which ranged fk*om 2,000 o e l l s / l i t r o  to  36 ,000 c e l l s / l i t r e *  
Only on© in  to n  o f  th e  samples o f  th e  su rfa c e  la y e r s  o f  mud from 
th o  deep p a r ts  o f  th e  Sea o f  Okhotsk and th e  P a c i f ic  Ocean wqs 
found to  co n ta in  y e a s ts .
On some occasio n s q u ite  h igh  numbers o f  y e a s t c e l l s  were 
d e te c te d /
detected , in  aamples td c en  from co n s id e rab le  d ep ths, e .g . ,  a t  2,500 
m etres in  th e  O khotsk-Pacific  reg io n  th e  nnmber o f  y e a s ts ,  as  
determ ined both  by d i r e c t  count and p lat©  count, was 2,583 c e l l s /  
l i t r e  o f seaw ater and 4-?VlO c o lo n ie s / l i t r e  o f se a -w a te r, r e s p e c tiv e ly . 
F inds o f  t h i s  n a tu re  suggested  to  Novosahilova (1955) th a t  y e a s ts  in  
th e s e  a re a s  may e x is t  in  "tones'* and id e n t i f ic a t io n  o f  th e  i s o la te s  
did in d ic a te  d e f in i t e  “aoning” o f  c e r ta in  y e a s t sp e c ie s . As w ell as 
t h i s  "m ning" some s t r a t i f i c a t i o n  o f y e a s t sp ec ie s  was obvious from 
th e  r e s u l t s ,  i , e , ,  occurrence o f  th e  same y e a s t sp e c ie s  a t  th e  same 
dep ths in  w idely  se p a ra te d  lo c a l i t ie s *  As y e t  l i t t l e  i s  known o f  
th e  s t a b i l i t y  o f  th e s e  "y east aones and s t r a t a " ,  bu t i f  some 
hydrographic d a ta  (tem pera tu re , s a l in i t y ,  e t c . )  had been inc luded  
in  th e  above r e p o r ts  t h e i r  ex is ten c e  cou ld  perhaps have been 
adequate ly  e :q )la ined .
T his f in d in g  o f  v ia b le  y e a s t c e l l s  in  co n s id e rab le  numbers a t  
g re a t  depths f a r  from th e  co a s t i s  o f  tremendous i n t e r e s t  because 
i t  in d ic a te s  th a t  th e  p a r t ic u la r  co n d itio n s  e x is t in g  fo r  l i f e  in  
th e s e  lo c a tio n s ,  i . e . ,  lo%f tem p era tu res , h igh  p re s s u re s , e t c . ,  do 
n o t p rec lu d e  th e  occurrence o f  yeasts*  The d e te c t io n  o f th e  
organism s w ell below th e  reg io n  o f and phyto-planlcton, i . e . ,  
below 2 ,000 m etres^suggested  to  th e  in v e s t ig a to r s  th a t  th e  organism s 
a re  capab le  o f  u t i l i s i n g  d i r e c t ly  th e  a v a ila b le  o rgan ic  m a te r ia l in  
B©a-water and r e s u l t s  o f  experim ents c a r r ie d  out by th e s e  workers 
in  lA ich  y e a s ts  were found capable o f growth in  unsupplemented 
s e a -w a te r /
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se a -im te r  seem to  s u b s ta n tia te  t h i s  h y p o th esis . The a b i l i ty  o f th e  
y e a s ts  to  cause d e n i t r i f io a t io n  was a3.so suggested  as a  means whereby 
th e  oi’ganisms o b ta in  oxygon in  reg io n s  where i t  i s  in  sh o r t supply 
b u t where in o rg an ic  n itrogenous s u b s tra te s  a re  a v a ila b le , such as in  
c e r t a in  p a r t s  o f th e  Black Sea*
Some f iv e  hundred and tw en ty -fiv e  c u l tu re s  o b ta in ed  during  th e se  
l a t t e r  s tu d ie s  were c l a s s i f i e d  in to  fo u r f a m il ie s , namely, 
Torulopgida<3.3ae (Lodder), RhodotorulacoaQ (Lodder), Sporobolomyoetaoaa 
(Loddea?) and SacohBromyaodaoaaa (K udriavaev), a s  in d lo a to d  in  Table 2 .
TffiLS 2
Species com position o f y e a s ts  i s o la te d  from th e  Black Sea, Sea 
o f  Okhotsk and P a c if ic  Ocean -  Novoghilova (1955)s-
T oru lopsis  pu lcherrim a T o ru lo p sis  l ip o f e r a
T o ru lopsis  Candida T o ru lo p sis  l a u r e n t i i
T o ru lo p sis  a e r ia  T o ru lo p sis  neoformans
T oru lopsis  minor
Rhodotorulaceao
SporoboloiayoetaoBae
Ehodotorula g lu t i n i s  var* in firm o -m in ia ta  
Rhodotorula g lu t  i n i s  v c r . rube scans 
Ehodotorula m ucilag inosa 
Rhodotorula p a l l id a  
Ehodotorula c o lo s t r i  
Ehodotorula auroa
%orobolomyc0S salraonioolor
H anseniaspora a p ic u la ta .
Also is o la te d  was a  s t r a i n  resem bling E hodotorula r u f u la . one 
resem bling  Eh. sa n n ie i and sm all y e a s t- lü c e , asporogenous organisms 
w ith  w ell d efin ed  m ycelia.
I t  can be seen th a t  although a  w ider range o f sp ec ie s  was 
o b ta in e d /
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o b ta in ed  in  t h i s  study , th e  genera], p a t te rn  i s  simaJlar to  th a t  
d e sc rib ed  by Rukina and Movoghilova (1952) 'Jsl t h e i r  s tu d ie s  confined  
to  th e  Black Sea# Many o f th e  sp ec ies  l i s t e d  in  Table 2 possessed  
d i f f e r e n t  s t r a in s ,  e .g .  Ehodotorula f?lu tin is#  v a r . in f  dr mo-ni i n i a t  a # 
T o ru lo n ais  n u b h errm a  wwe rep re se n te d  by f i f t e e n  and eleven  d if f e r e n t  
s t r a i n s ,  re sp e c tiv e ly #  These s t r a in s  were d i f f e r e n t ia te d  by th e  
au th o rs  by sm all v a r ia t io n s  in  m orphological f e a tu re s  and a lso  by 
c e r ta in  d if fe re n c e s  in  t h e i r  p h y s io lo g ic a l p ro p e r t ie s ,  e .g . ,  a b i l i t y  
to  l iq u i f y  g e la t in ,  a b i l i t y  to  u t i l i s e  c e r ta in  n itro g e n -co n ta in in g  
compounds as t h e i r  so le  source o f n itro g en , e tc .  A ltoge ther some 
e ig h ty - f iv e  s t r a in s  wore d escrib ed  amongst th e  s ix te e n  sp ec ie s  in  
th e  c o lle c tio n *  Spoz^obolomyces sa lm on ico lo r# ^ t r a in  A was found to  
have th e  most w idespread occurrence in  th e  lo c a tio n s  sampled and 
Rhodoto ru la  au rea* Rh. nm cilag inosa. Rh. p a l l i d a . Rh. a lu t in i s .  v a r . 
in flrmp-mln la ta  and StrydoDalg oandlda wero a lso  w ell d istr ib u ted  in  
th e s e  re g io n s .
F u rth e r in d ic a t io n  o f th e  g en era l occurrence o f y e a s ts  in  th e  
w orld * s seas and oceans i s  th e  r e p o r t  by K rlss  e t  Al. ( 1955) o f  th e  
d iscovery  in  th e  reg io n  o f th e  North Pole o f "pink" and "white" 
y e a s ts ,  budding forms o f which were is o la te d  from th e  s i l t  o f  th e  bed 
o f  th e  A rc tic  Ocean a t  a  depth o f  3,4-50 m e tres . I t  th u s  appears 
th a t  th e re  i s  no n o rth e rn  l im i t  to  th e  occurrence, o f  th o se  organism s 
in  th e  se a s . I to th o r  re c e n t in v e s tig a tio n s  by K riss  (1962) in  th e  
Greenland Sea in d ic a te  th a t  th e  y e a s ts  th e re  appear to  be adapted 
m a in ly /
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m ainly to  th e  deep la y e rs  of w ater, a3.thoitgh none has been is o la te d  
from mud samples in  th e  re g io n . The f u l l  oignifieatic©  o f t h i s  l a t t e r  
f in d in g  cannot be asse ssed  u n t i l  such tim e as d a ta  from m ic ro b io lo g ica l 
and oceanographic s tu d ie s  can be compared*
Bhat and Kachwalla (1955) re p o r te d  an in v e s t ig a t io n  made o f th e  
y e a s t  f l o r a  o f  w ater samples taken  from th e  In d ian  Ocean, a t  an 
u n sp e c if ie d  dep th , two to  siss m iles  o f f  th e  In d ian  c o a s t , near Bombay. 
From seventeen  sam ples, e ig h ty  y e a s t i s o la te s  were o b ta in ed , seven ty - 
fo u r  o f  which were s tu d ie d  and assigned  to  seven genera a s  l i s t e d  in  
T able 3*
% ec iee  com position o f  y e a s ts  c o l le c te d  two to  s ix  m iles  o f f  th e  




I s o la te s  Species
10 S .S td n e ri , S .fructuum , S .ro s e !
B D .h an sen ii, D a ilc o tia n i ,  O .k lo eck eri,
D. subglobosus 
30 0 .t r o p ic o ils ,  O .g u ille rm o h d li,
O .m elib io sl 
16 T .fom ata, T .g la b ra ta , T*Candida
6 R h .p a llid a , Rh*m ucilaginosa, Rh.m inuta
2 O r , la u r e n t i i
2 U n id en tified
The most common sp ec ie s  found jjz th e  samples was Candida 
L is, o f  which tw en ty-six  i s o la te s  were o b ta in ed , i ,e * ,  
approxim ately  36fo o f  th e  t o t a l  iso la te s*  Also, as  oan be seen in  
T able 3 , sporogenous y e a s ts  have accounted fo r  2^% o f  th e  tota3. 
iso la te s*
I n /
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In  1958 au ex ten siv e  in v e s tig a tio n  of th e  y e a s t f l o r a  o f th e  
e s tu a r in e  w atei's o f  Biscayne Bay, F lo rid a  and ad jacen t ben th ic  a reas  
was s ta r te d  by a team o f  American workers -  F o il e t  a i ,  ( i 960) .  A 
s e le c t iv e  enrio lm ent c u l tu re  techn ique was su o ceasfu lly  employed and 
one hundred and seven ty -n ine  y e a s t i s o la te s  (o b ta in ed  from th e  w aters 
o f  B iscay ne Bay) were c l a s s i f i e d  as in  Table 4 ,
TABIiF 4.
S pecies com position o f y e a s ts  c o l le c te d  in  B iscay ne Bay,
F lo r id a  -  F e ll  e t  a l .  ( I 96O ):-
Species I s o la te s Species I s o la te s
Debaryomyoes k lo e e k e r i B Cry%)tooooous a lb id u s 1
Hansenula anomola 9 Rhodotorula m uoilaginosa 24
Saccharomyces fruc tm m 2 Rhodotorula g lu t  in i s 13
Saccharomyoes sp ec ies 2 R hodotorula te x e n s is 5
Candida t r o p i c a l i s 42 Rhodotorula m inuta 4
Candida p a ra p s i lo s is 18 Rhodotorula grom inis 1
Candida g u ill ie rm o n d ii 4 Rhodotorul,a sp ec ie s 1
Candida in te rm ed ia 4 Triohosporon cutaneum 10
Candida m e lin i i 1 T oru lopsis  sp ec ie s 4
Candida b o id in i i 1 P u l lu la r ia  p u llu la n s 2
Gryptoooccus l a u r e n t i i 6 "b lack  y e a s ts" 16
i c a l i s  and R liodotorula m ucilag inosa were found to  be 
th e  most abundant and w idely d is t r ib u te d  sp ec ie s  in  th e  Bay. The 
w idespread occurrence o f th e  form er sp ec ie s  agrees w ith  th e  observa- 
r t io n s  o f  Bhat and Kachwalla (1955) mentioned above.
Deep sea  sediraoxits from o f f  th e  c o a s t o f  th e  Bahamas were a lso  
examined by F e l l  o t a l ,  ( I 96O), who found t h e i r  y e a s t f l o r a  con ta ined  
many o f th e  seune sp ec ie s  is o la te d  from Biscayne Bay, fzlthough th e  
absence /
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Species com position o f y e a s ts  c o l le c te d  fx*om deep sea  sedim ents 
in  The Bahamas (F e l l  e t  a l , ,  I960) s-
I s o la te s  Species I s o la te s
R hodotorula m ucüag inosa 3 Candida te n u is 2
R hodotorula g lu t  in i s 2 Candida cm 'va ta 5
R hodotorula te x e n s ia 1 Candida g u ill ie rm o n d ii 1
Rhodot o ru la  mar in a 1 Oryptococcus d if f lu e n s 1
Debaryomyces k lo e c k e r i 4 OryptoQocous a lb id u s 3
Tox’u lo p s is  fajnata 2 Oryptococcus neoformans 2
Candida p a ra p s i lo s ie 5
In v e s tig a tio n s  o f  th e  y e a s t f lo r a  o f  soa-w ato r, sedim ents and 
m arine p la n ts  and anim als were ixndortaken in  th e  O filifo rn ian  c o a s ta l  
w aters o f th e  P a c if ic  by F e l l  and van-Uden (1961) who found 
sporogenoizs and asporogenous y e a s t sp ec ies  to  occur w idely in  th e se  
lo c a t io n s .  I t  should be noted th a t  asporogenous y e a s ts  were g e n e ra lly  
predom inant. Although no in fo rm ation  was g iven concerning th e  
numbers and ty p e s  o f  y e a s ts  i s o la te d  c e r ta in  d if fe re n c e s  in  sp ec ie s  
occurrence were noted by th e se  % workers between t h i s  c o l le c t io n  and 
p a r a l l e l  c o l le c t io n s  made in  B iscay no Bay, F lo r id a  and a d ja ce n t, deeper 
waters. For exemple, S iM M a J sa iM iliif  C... porepMloplg and OjtajLBei, 
which a re  p rev a lo n t sp ec ie s  in  th e  l a t t e r  a rea s  a re  uncommon o r absent 
in  th e  CaljJTornian c o a s ta l  watez’s .  An in te r e s t in g  p a r a l l e l  to  th o se  
o b se rv a tio n s  i s  th e  f a i lu r e  o f  F e l l  (personal, communication) to  i s o la te  
from F lo r id a  c o a s ta l  watei’s sp ec ies  o f MetschnDcowia which w ere is o la te d  
i n /
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in  co n s id e rab le  numbers iVom th e  P a c if ic  Ocean by von-lTden and G aste lo - 
branco (1961) and which have a lso  been d e tec ted  in  Clyde E stuary  w aters 
( see page 166 ) .  The above r e p o r ts  would appear to  in d ic a te  
v a r ia t io n  in  sp ec ie s  occurrence in  d i f f e r e n t  geographica3. areas# Such 
va3?iations may be a t t r ib u te d  to  minor d if fe re n c e s  in  i s o la t io n  media and 
te c h n iq u e s Î however i t  seems more l ik e ly  th a t  th e  "m icrosonation" q f 
y e a s ts  d esc rib ed  by NovoKhilova (1955) raa;y p rov ide  a  more p la u s ib le  
ex p lan a tio n .
In  a l a t e r  study o f  th e  y e a s t f lo ru  o f F lo r id a  c o a s ta l  w aters and 
deeper w aters o f f  The Bahamas, Roth e t a l ,  (3.962) re p o r te d  f in d in g  
y e a s ts  in  o f th e  two hundred and tw enty w ater and sediment samples 
excmiined by them, The most common y e a s ts  encountered in  th e se  samples 
were sp ec ies o f R hodotorula, Candida, T richosporon, ])ebaryDmyces and 
Cr y p tocoQcus, Candida t r o p ic a l i s  and R hodotorula (m uoilaginosa) ru b ra  
appeared to  be th e  moat common and w idespread sp ec ie s  in  e s tu a r in e  
w ate rs , whereas Candida p a e a p s l lo s is  and Debryomyces k lo e c k e r l were most 
common in  oceanic waters# S tra in s  o f b lack  " y e a s t- l j i te  organism s'’ 
resem bling  P u l lu la r i^  s p p ,, imrc a lso  is o la te d  from a l l  th e se  a re a s .
Resu3.t's of quan tita tive e s tim a tio n s  of y e a s t p o p u la tio n s  in  th e  
obove-mentionod lo c a tio n s  in d ic a te  th a t  in  g en era l y e a s ts  occur in  
h ig h e r numbers in  c o a s ta l  than  in  p e lag ic  w ate rs . T his o b se rv a tio n  
i s  in  general, agreement w ith  th e  f in d in g s  of Novo S h ilova (1955)- At 
a  c e rta .ln  a re a , howrever, in  th e  open w aters o f th e  Gulf Stream, samples 
ta k en  from depths between 160 and 400 m etres wore found to  co n ta in  
y e a s t s /
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y e a s ts  in  q u a n t i t ie s  (o f  2,000 to  5,200 o e l l s / l i t r e  sea-w ater) eq u a llin g  
o r exceeding th e  average p o p u la tio n s found in  c o a s ta l  w ate rs . A S im ila r 
sp e c ie s  p a t te r n ,  i . e . ,  60% Rhodotoru la  g ram in is, was dem onstrated in  
a l l  th e  samples tak en  between th e se  depths and t h i s  d if f e re d  ©ntire3.y 
from th a t  o f  th e  su rfao e-w ate r samples which co n ta in ed  alm ost 
esfilu& tely (Hasegawa e t  e.1.1960)
In  ntnnbei’S o f on ly  200 c e l l s / l i t r e .  T his r i c h  f3jid o f  y ea a ts  in  th e  
open ocean w ell below th e  su rface  oan be compared to  th o se  a lready  
m entioned by Novoshilova (1955) and i t  seems in  t h i s  ease  th a t  th e  
"m icro0oning" o f th e  y e a s ts  may w ell be duo to  th e  la rg e  phytoplankton  
and sooplankton co n ten t c a r r ie d  by th e  G ulf Stream . A aim Urn? 
phenomenon has been noted  fo r  h o te ro tro p h ic  b a c te r ia  in  th e  oceans 
by K riss  e t  a l .  (1959) who found la rg e  p o p u la tio n s  o f  th e se  organisms 
o ccu rrin g  a t  th e  in te rp h a se s  o f  la rg e  w ater m asses.
The y e a s t f l o r a  o f  g rasses  and a lgae  in  th e  Bha.13.ow reg io n s  o f 
F lo r id a  c o a s ta l  w aters was a lso  s tu d ied  by Roth e t  a l .  (1962) and on 
th e  b a s is  o f  frequency o f y e a s t i s o la t io n ,  i . e . ,  onJ.y 52% sm p le s  
compared w ith  78% xmter sajiiples dem onstrated y e a s ts ,  and th e  f a c t  th a t  
o n ly  a  sm all mmber o f  sp ec ie s  pe%^  sample were i s o la te d ,  i . e . ,  on3.y 
one or two compared w ith  s ix  o r more d e te c te d  in  th e  sea-w ater sam ples, 
th e s e  workers concluded th a t  th e  y e a s t f l o r a  o f  th e se  p la n ts  i s  only 
in c id e n ta l  to  th a t  o f  th e  surrounding sea-vrater. No c e l l  counts in  
t h i s  in s ta n c e  xmre, however, undertaken to  s u b s ta n tia te  t h i s  conclusion .
The y e a s t f l o r a  o f e s tu a r in e  and b rack ish  w aters o f  th e  Miami 
R iver xAich f3.ows in to  Biscoyne Bay was in v e s tig a te d  by G a p r io tti  
(1962)® /
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(1962) “ BOO T able 6 . He found th a t  60'^ o f  th e  sp ec iea  is o la te d  were
a ls o  found in  B iscayne Bay by F e l l  e t  a l .  (I960) and Roth e t  a l .  (1962), 
e .g . ,  Deberyomyoes k lo e c lte ri. H anggn^_ano!!iala, Candida t r o p l o ^ i s ,
Sm3i<2a2a2a£.,^ M*lS> liaâateyiS-gMMg
TABLE 6
Order o f frequonoy o f speo ies is o la te d  in  th e  Miami R iver ax*ea -  
G a p r io t t i  (1962)^
% eo 3^  which th e se  æ e o ie s  were found
Saccharomyoes c a rlab e rg en s io  90 ,0
Candida tro p  in  a l l s  31 .0
P ic h ia  form entans 22 ,0
T o ru lo p sis  g la b ra ta  18 .0
Cryptococous a lb id u s  18 .0
Hansenula anomale, 9 ,0
Dobaryomyoos k lo e c k e r i 9 .0
Candida p a r a p s i lo s is  9 ,0
The h igh  inc idence  of 8 . c a r la b e rg e n s is  i s  n o tab le  here  e s p e c ia lly  
as  t h i s  sp ec ie s  was not d e tec ted  in  Biscayne Bay or in  th e  o ff-sh o re  
xm ters . I t  i s  o f i n te r e s t  a lso  to  note th a t  o f  th e  sp ec ie s  is o la te d  
by G a p r io tt i  (1962) from s o i l s  in  th e  reg io n  o f th e  Miami R iver and 
Biscayne Bay, du ring  ano ther study , 80% were d e te c te d  in  th e  e s tu a r ln e  
X'/aters (G a p r io tt i ,  1962)^^ and 50% were a lso  found in  Biscayne Bay 
(F e l l  e t  a l , ,  I9 6 0 ),
Ibrom th e  fo rego ing  r e p o r ts  l i t t l e  in fo rm ation  emerges which could 
e lu c id a te  th e  (q u a n tita tiv e  and q u a l i ta t iv e  in te r - r e la t io n s h ip  between 
t h e /
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th e  y e a s t I 'lo ra o f marine f i s h  and o tn er lo c a tio n s  in  th e  surrounding 
marine environment# iowever, one c o r r e la t io n  would appear to  be clear*, 
namely, th a t  each y e a s t sp ec ies xdiicii has been re p o rte d  is o la te d  from 
f is h  in  th e  fev/ re ce n t surveys c i te d  has been fo u n l a lso  in  o th e r 
m arine sources in  th e  same a rea  find in  some cases  by o tlier workers and 
in  d i f f e r e n t  gao^t'aphical areas# .'uch more in fo rm ation  i s ,  however, 
re q u ire d  b efo re  th e  problem can be solved of * ho ther y e a s ts  found on 
f i s h  form a commensal, p a r a s i t ic  or p a ss iv e ly  c a r r ie d  m icro-flo ra#
The so lv ing  of th e  l a t t e r  problem may in  tu rn  help  in  th e  so lu tio n  of 
o th e r im portant problems, e ,g , ,  p o ss ib le  r o le  o f y e a s ts  in  f i s h  
sp o ilag e , mechanism of e a s t d is ti- ib u tio n  in  th e  seas, major , i t e s  
of y e a s t rep ro d u c tio n  in  th e  seas, th e  r o le  of y e a s ts  in  f ish  food 
ch a in s , e tc # , thereby e ta b lis h ln g  th e  s p e c if ic  function  of y e a s ts  in  
th e  b io lo g ic a l p ro d u c tiv ity  of tu e  seas.
This ].)resent inve t i g a t i o n  of th e  y e a s t f lo r a  of mai'ine f i s h  in  
c o t t i s h  c o a s ta l  w aters tind oceanic w aters a ro se  i n i t i a l l y  froia a 
■tU'.ly of a .'m all number of y ea s t c u ltu re s  is o la te d  from f is h  and sen t 
to  t h i s  io'partment from th e  )•- # i ,iu  Torry ’/‘esearch  t a t  ion , . herd sen, 
and t'lG a r in e  ta t io n ,  Aberdeen. hiring t h i s  study, p e ru sa l of 
r e l  van! l i t e r a t u r e  then a v a ila b le  (1959), a lthough  in d ic a tin g  the  
widen,prea I. occurrence o;' y e a s ts  in  tlio marine environm ent, n lso  
in d ic a te d  how very meagre was, th e  in fo rm ation , o. p e c ia l ly  texonom ical, 
reg a rd in g  y e a s t occurrence on fish#  I t  vras hence decided th a t  a 
rurvey of mai-ine y e a s ts , i .e * ,  those  i / o l a t e i  from a marine environment 
G o u i 1/
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co iûd  b© mndejrtalten p ro f i ta b ly  to  p rov ide  more in fo rm âtlo a  xrith a  
view to  forx^arding th e  eo lu tionp  o f th e  problems o i te d  above.
T his th e s i s  s e ts  out th e  c la s s  lea], d e s e r ip tio n s  o f i s o la te s  
o b ta in ed  during  euch a  survey and a3.so r e p o r ts  c e r ta in  o f th e i r  
p h y s io lo g ic a l and biochem ical c h a ra c te r is t ic s #
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COLLl'X)TION of i:.OLlTiiS
In tro d u c tio n
The l i t e r a t u r e  survey in d ic a te s  th a t  x/hen th e se  s tu d ie s  were 
f i r s t  contem plated l i t t l e  in fo rm ation  was a v a ila b le  reg ard in g  th e  
requ irem en ts fo r  i s o la t in g  y e a s ts  from marine m a te ria ls#  .'or example, 
l i t t l e  was known about s u i ta b le  media, optimum pH, tem pera tu re , m ineral 
s a l t  c o n c e n tra tio n s , etc* In  view of t h i s  la ck  o f knowledge i t  was, 
th e re fo re ,  considered  expedient as an i n i t i a l  s tep  to  f in d  a medium 
which would perm it th e  i s o la t io n  of a reaso n ab le  number of y e a s ts .
At th e  same tim e i t  was r e a l i s e d  th a t  such a medium might not be s u i t -  
: ab le  fo r  th e  is o la t io n  of a l l  th e  y e a s ts  e x is t in g  in  the  marine 
environment* However, a t  t h i s  s tage  o f th e  in v e s t ig a t io n  th i s  l a t t e r  
p o in t was not considered  too g rea t an obstacle*
The e a r l i e r  p u b lic a tio n s  a lso  in d ic a te d  th a t  y e a s ts  probably  form 
a r e l a t iv e ly  sm all p ro p o rtio n  o f marine m ic ro -f lo ra e . Hence d ire c t  
p la t in g  techn iques d id  not appear to  o f fe r  a  p r o f i ta b le  l in e  of 
approach. Accordingly i t  was decided to  employ emrichment techn iques 
although  th e  l im ita t io n s  of such procedures were r e a l i s e d .
The f i r s t  aim of t h i s  survey, th e re fo re , was to  o b ta in  from 
marine m a te r ia l a reaso n ab le  number of y e a s ts  from which in fo rm ation  
could be acqu ired  reg a rd in g  th e  types o f y e a s ts ,  t h e i r  d i s t r ib u t io n  
and p h y s io lo g ic a l p ro p e r t ie s .  Such knowle ge, i t  was hoped, might 
th en  in d ic a te  b e t te r  methods fo r  i s o la t io n  and fu r th e r  f i e ld s  o f s tudy ,
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1) Ghoiee o f I s o la t io n  Medim:
The use of a s u ita b ly  s e le c t iv e  medium fo r  th e  i s o la t io n  of 
p a r t i c u la r  m icro-organism s, or groups o f such, from mixed p o p u la tio n s , 
has proved an in v a lu ab le  to o l  in  s tu d ie s  o f  m ic ro b ia l ©oology. Such 
m edia have been used su c c e ss fu lly  by many o f th e  e a r ly  workers befo re  
th e  l a s t  two decades fo r  th e  purpose o f i s o la t in g  th e  b a c te r ia l  f lo r a  
from m arine m a te ria l»  U n fo rtu n a te ly , th e se  same x r^orkeiNs, except fo r
th e  few whose f in d in g s  a re  mentioned in  th e  in tro d u c tio n , d isreg a rd ed  
o r m entioned only b r ie f ly  any oeciarronco o f y e a s t c o lo n ie s  amongst 
th o se  o f  th e  b a c te r ia .  Furthei'*, as few s tu d ie s  employing media 
s p e o ia lly  s e le c t iv e  fo r  y e a s ts  were undertaleen during  t h i s  p e rio d  th e  
w roneous id ea  th a t  y e a s ts  a re  not a  s p e c if ic  p a r t  o f th e  m arine m icro­
f l o r a  was w idely h e ld  u n t i l  ro c e n tly . I t  i s  in te r e s t in g  to  no te  th a t  
F isc h e r  (1894) used in  h is  s tu d ie s  an i s o la t io n  medium which somewhat 
favoured  y e a s t grox^rth in  i t s  n u tr ie n t  com position and pH. Using th e se  
co n d itio n s  he concluded th a t  th e re  a re  autochthonous y e a s t sp ec ies  in  
th e  seas , and in  some o f h is  samples y e a s ts  were a c tu a l ly  found to  be 
th e  dominant type  o f f lo r a .
The few x/orkers who have made s p e c if ic  s tu d ie s  o f  m arine y e a s ts  
employed a v a r ie ty  o f s e le c t iv e  media» Hudson and Bui’gv;its (1931) 
used  m alt wort supplemented w ith  3% NaCl, w hile McCormack (1956) used 
Sabom’audbs agar a c id i f ie d  w ith l a c t i c  a c id . M eat-peptone agar, 
f ish -p e p to n e  agar and p la in  wort agar made w ith  ta p -  or sea-w ater, 
w ere/
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xfore G,11 used by K riss  (1959)* P haff e t  al# (1952) is o la te d  most o f 
t h e i r  s t r a in s  on p o ta to -d e x tro se  agar a t  pH 3 .5 , A b a sa l medium o f 
in o rg an ic  s a l t s ,  in c lu d in g  2% NaOl, in  d i s t i l l e d  w ater and supplemented 
w ith  g lucose and sodium n i t r a t e ,  or sucrose and ammonium su3.phate, was 
employed by Bhat and Kachwalla (1955)» I t  th u s  appeared th a t  many 
media capable o f su p p o rtin g  groirbh of t e r r e s t r i a l  y e a s ts  could  w ith 
s l ig h t  m od ifca tions be used to  promote th e  growth o f th o se  from, m arine 
h a b i ta t s .
The medium "MYGF" devised  by Wickerham (1951) has proved an 
e x c e lle n t medium fo r  th e  c u l t iv a t io n  o f y e a s ts  by p ro v id in g  adequate 
sources o f carbon, n itro g en , sulphuq m inera ls  and c e r ta in  n u t r i l i t e s  
(M orris, 1958) and has th e  fo llow ing  com position
"MYGP" Medium
Y east e x tra c t  0*3% w/v
H alt e x tra c t  0,3% w/v
Peptone 0*5% w/v
Glucose 1.0% w/v
D is t i l l e d  w ater to  100,0%
(pH o f approx. 5*5)
I t  was decided to  use t h i s  meditmi as th e  b a s is  o f a s e le c t iv e  
medium because th e  f i s h  y e a s ts  held  in  t h i s  deportm ent p r io r  to  t h i s  
in v e s t ig a t io n  were found to  th r iv e  on it*
I t  was noted th a t  th e se  f i s h  y e a s ts  grew well, in  "MOP" to  ifhich 
no sa3,ts or sea-x^rater were added. Such supplem ents were made, however, 
by Krifis (1959), Bhat e t  a l .  (1955), Nadson and Bur^^'jitsî (1931) in
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t h o i r  y e a s t i s o la t io n  media# No d i s t in c t  requirem ent or p re fe ren ce  
fo r  sea-X'/ater by marine y e a s ts  was dem onstrated by th e se  workers bu t 
as  such a requirem ent has been found in  f re s h ly  is o la te d  mai’ine 
b a c te r ia  by %obell and Upham (1944), Z obell (1946), Wood (1953),
L is to n  (1956) and MacLeod and Onofrey (1956) i t  was decided to  inc lude  
sea-w ater in  th e  y e a s t i s o la t io n  medium# Sea-x-jater, f r e e  from 
te rre g in o u s  contam ination , was th e re fo re  ob ta ined  from th e  North Sea 
and in  accordance w ith  th e  recommendations o f Z obell (1946) i t  was 
allox^red to  "ago" by s to rag e  in  g la ss  b o t t l e s  in  th e  dtxrk fo r  some weeks 
p r io r  to  usage# T his "ageing" p ro cess  was sa id  by Z obell to  stab iliîs©  
th e  o rgan ic  co n ten t o f  th e  w ater thereby  g iv ing  more rep ro d u c ib le  
r e s u l t s  and a lso  to  decrease  th e  s l ig h t ly  b a c te r io s ta t i c  p r in c ip le  
p re se n t in  raxr sea -w a te r. Before use th e  "aged" sea-xm ter was d i lu te d , 
th r e e  p a r ts  x^ith one p a r t  d i s t i l l e d  xm ter, a  p r a c t ic e  found to  give 
improx?ed r e s u l t s  fox* b a c te r ia l  is o la t io n s  (Hobbs, p e rso n a l communication)*
In  choosing a s e le c t iv e  medium fo r  t h i s  in v e s t ig a t io n  of f is h  
y e a s ts  i t  was d e s ira b le  to  have one xAioh xjould allow  th e  c u l t iv a t io n  
o f  th e  y e a s t f l o r a  and a t  th e  same tim e, i t  xms hoped, on© which x;ould 
no t be to o  s e le c t iv e  x jith in  t h i s  f lo r a ,  th a t  i s ,  favour th e  growth o f 
a  p a r t ic u la r  sp ec ie s  o f  y e a s t .  The use o f a n t ib io t i c s  as an a id  in  
i s o la t io n s  xxas considered  i n i t i a l l y  bu t in  th e  l ig h t  o f evidence o f 
soma antagonism to  y e a s t rep ro d u c tio n  by c e r ta in  a n t ib io t i c s  -  Beech 
and Oarr (1955) and M orris (p erso n al communication) ™ i t  xxas decided 
no t to  employ th e se  agen ts u n t i l  fu r th e r  in v e s tig a tio n s  could  be c a r r ie d  
out',/
-  30  -
o u t. The p o s s ib le  danger of using  a n t ib io t i c s  i s  fu r th e r  supported  
by th e  re c e n t f in d in g s  o f d l  Memm (1962) and K r a s i l ’nikova (1962)
Xsrho found th a t  y e a s t gTouth could be in li ib ite d  by a n t ib io t i c s  produced 
by c u l tu re s  of b a c te r ia ,  S treptom ycea, A ctinoiw ces and moulds*
The a b i l i t y  of y e a s ts  to  reproduce b e s t in  media of pH range 
w ith in  .3*0 to  6 .0  i s  a w ell e s ta b lish e d  f a c t  and has o f te n  been 
e x p lo ite d  in  is o la t in g  y e a s ts  fi'om a mixed p o p u la tio n  co n ta in in g  
b a c te r ia  s in ce  many of th e  l a t t e r  a re  unable to  develop s a t is f a c to ry  
: i l y  below approxim ately pH 5 ,5 . Phaff e t  a l , (1952) used a pH value 
of 3*5 fo r  most of th e i r  i s o la t io n s  and McCormack (1956) sucoGssfu].ly 
sep ara ted  y e a s ts  from b a c te r ia  on a medium a c id if ie d  w ith  l a c t i c  acid* 
The value of 5*5 was decided upon fo r  th e  mediiun to  be used in  th e  
p re lim in a ry  s tu d ie s  of th e  p re se n t sui’vey because i t  i s  adDout th e  
average optimum pH v alue  fo r  most y e a s ts  and i s  th e  value a t  xAich 
gi'owfcii o f many b a c te r ia  i s  suppressed*
A ccordingly, in  th e  f i r s t  c o l le c t io n  of samples a s e le c t iv e  
mediuiii o f th e  fo llow ing  com position xms employed:-
"MYGPr" Medium
Yeast ex 'irac t 0*35 w/v
H alt extract'. 0,35 x /v
Peptone 0.55 w/v
Glucose 1,0;■! x /v
Aged sea-w ater, 3 p a r ts )  10CM3 '
D is t i l le d  xjaker, 1 p a r t  )
pH 5.5
The/
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The medium which x-;ill be r e f e r re d  to  as "MIGPS", d is t r ib u te d  
in to  .half-ounce b o t t le s  (sGrexj-cap)^ vjas au to c la v e !  a t  10 lb /sq u a re  
inch  p re s su re  fo r  twenty srinu tes.
Z) I s o la t io n  Tempe ra tu re :
In  n o rth ern  x ia ters, x;here th e  f is h  sampled in  t h i s  in v e s tig a tio n  
were caught, th e  sea tem peratu res vary from-2^0 to  3/ZPo. B acter.io- 
: lo g ic a l  s tu d ie s  o f th e  seas , re p o rte d  by Z obell (1959)? have, however 
in d ic a te d  th a t  th e  optimum tem perature fo r  th e  m u lt ip l ic a t io n  of most 
m arine b a c te r ia ,  in c lu d in g  th o se  from th e  co ld  bottom deeps, i s  18*^ 0 
to  2201, L is to n  (1956) sud G eorgala (1956) in  t h e i r  s tu d ie s  of th e  
b a c te r ia l  f lo r a  of f l a t f i s h  and North Sea cod, re s p e c tiv e ly , found 
h igher counts a t  220c than  a t  QOC, although o cc a s io n a lly  h igher counts 
were ob ta ined  a t  th e  lower teinperatiJire,
In theii* is o la t io n s  of m arine y e a s ts  P haff e t  a l .  (1952) used a 
tem peratui' e o f .3CPG, K riss  and Novo s n i l  ova (1954) IB^ '^ 0 to  26oC sjid 
K riss  e t  al# (1955) 25^0 to  30'^G, Although y e a s ts  have been found 
to  reproduce over a wide range of tem pera tu res , as in d ic a te d  by th e  
f in d in g s  o f Phaff e t  ai* (1952) and Lund (1954), w]io found y e a s ts  ab le  
to  reproduce w ith in  th e  range O^ü to  38^0 v;ith op tim al rep ro d u c tio n  
( r a te  and ainount) occu rring  in  th e  range 20^0 to  30^G, th e re  i s  
evidence o f tho  ex is ten ce  of psychrophil.ic y e a s t s t r a in s .  Several 
r e p o r ts  of th e  occurrence of y e a s t s t r a in s  in  non-marine h a b i ta ts  
have/
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have been p u b lish ed , e .g . ,  S c o tt (1937) is o la te d  s t r a in s  resem bling 
T richosporon s c o t t i i  from c h i l le d  beef which were unable to  reproduce 
above 25^0 and ex h ib ite d  op tim al gro\\rth below 20-^01 Lavu*ence e t a l ,  
(1959) found Candida s t r a in s  in  c h i l le d  grape ju ic e  e x h ib itin g  optim al 
rep ro d u c tio n  a t  approxim ately 11°C and which were unable to  reproduce 
above 21°G; S trak a  and Stokes (I960) is o la te d  a y e a s t from g la c ie r  
ic e  in  A n ta rc tic a  xrhich they  s ta te d  resem bled Candida s t r a in s  d esc rib ed  
by Lawrence e t  a l , ,  th e se  reproduced between 7°G and 20°0 having an 
optimum in  th e  range 5°C to  lO^C; diMenna ( i 960) is o la te d  s t r a in s  o f 
Candida s c o t t i i  unable to  grow above 15^0 from s o i l  samples a lso  taken  
in  A n ta rc tic a , in  McMurdo Sound, In  viev; of t h i s  evidence, th e  
p o s s ib i l i ty  of th e  genera l occurrence of p sy c h ro p h ilic  y e a s ts  in  th e se  
n o rth e rn  xm ters i s  alm ost c e r ta in .  I t  i s  of in t e r e s t  to  note here 
th a t  during  th e se  p re se n t s tu d ie s  th e  only sea-xm ter sample incubated  
a t  4^0 y ie ld e d  a y e a s t s t r a in  w ith an optimum growth tem perature in  
th e  range 14°C to  18*^ G and which grew only s l ig h t ly  a t  25^C.
In  view o f th e  f in d in g s  of th e se  x;orkers, re p o r te d  above, i t  was 
decided to  c a rry  out i s o la t io n s  in  th e  p re sen t stuc3y a t  25°G, th u s  
f a c i l i t a t i n g  a  comparison of r e s u l t s  ob ta ined  in  t h i s  survey w ith  those  
o f o th e r r e p o r ts  on t h i s  to p ic . However, i t  i s  borne in  mind th a t  
psyc iiroph ils  do e x is t  and th a t  th e  study of th e se  could prov ide a 
to p ic  fo r  fu tu re  in v e s tig a tio n .
3) Sampling of th e  F is h :
B a c te r io lo g ic a l in v e s tig a tio n s  by Stew art (1932/33), Iyer (1947), 
Shewan/
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Shewan (1949) (1961), T arr (1954), L iston  (1957, 1956), Georgala (1957) 
(1958) and many o th e r w orkers, o f th e  m ic ro -f lo ra  o f l iv e  or f re s h ly  
caught f i s h  have in d ic a te d  th a t  la rg e  m ic ro b ia l p o p u la tio n s e x is t  in  
th e  slim e la y e r  covering  th e  sk in , in  th e  g i l l s  and a lso  in  th e  
in te s t i n e  o f "n o n -fastin g "  fish #  F astin g  f i s h  have been found by 
r to g o l i s  (1953) to  have s t e r i l e  in t e s t i n a l  t r a c t s  -  an in d ic a t io n  th a t  
th e re  may be no t r u e  in te s tin a J . f lo r a  in  th e se  f i s h  and th e  organism s 
d e tec ted  th e re  have been in troduced  vrith in g e s ted  food. I t  i s  a lso  
g e n e ra lly  accepted th a t  th e  in te rn a l  organs, body f lu id s  and muscle 
t i s s u e  o f th e se  f i s h  are  s t e r i l e  -  L is to n  (1956), Shewan (1961), Dyer 
(1947 ) ,  G eorgala (1957), Tai*r (1954) al-though some workers have 
d isag reed  w ith  t h i s ,  e .g . ,  d i s s e t t  (1948) who found b ac te ria , in  th e  
muscle o f fresh -xm ter f i s h .  I t  i s  very p o s s ib le , hoxrever, th a t  th e  
l a t t e r  worker had d e tec ted  pathogenic organism s.
In  view of th e se  f in d in g s  i t  v;as decided th a t ,  in  g en e ra l, th e  
samples should be taken  from th e  fo llow ing  a rea s  on th e  f i s h  -  slim e 
la y e r ,  g i l l s  and in te s t i n a l  co n ten ts .
C o llec tio n s
1) F i r s t  C o lle c tio n  -  Clyde Estu a ry , 4 th  May. I9 6 0 :
I n i t i a l l y  i t  v/as in tended  to  ca tch  the f is h  by l in e s  w ith b a ite d  
hooks, a method employed commerially to  ca tch  la rg e  cod (dadus c a l l a r ia s )  
and/
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and h a l ib u t  (Hlpnpglo8m ^jil]]B 0glogm w ) in  c e r ta in  f is h in g  grounds o f f
th e  west co a s t of Bootland (Hardy, 1959)« In an in v e s tig a tio n  of f i s h  
m ic ro -f lo ra , such .as t h i s  one, l in e -c a tc h in g  i s  c e r ta in ly  th e  method of 
choice as th e  f i s h  a re  caught in d iv id u a lly  and would be su b jec ted  to  
l i t t l e  o r no handling  or rough usage p r io r  to  being sampled. The 
necessary  gear fo r  t h i s  purpose was not,how ever, a v a ila b le  and f u r th e r ,  
in  th e  lim ite d  tim e a v a ila b le  fo r  sam pling, l in e -c a tc h in g  might have 
proved too  slow and te d io u s  to  allow  exam ination o f a range of f i s h  
sp e c ie s . . I t  was decided , th e re fo re , to  ca tch  f i s h  by t r a w l-n e t .  In 
traxzling , e x c e lle n t d e s c r ip tio n s  of vjhioh have been w r i t te n  by C u ttin g  
(1955 ) and Haxdy (1959)? th e  f i s h  in  th e  n e t a re  swept along th e  sea- 
:bed and bumped a g a in s t each o th e r , th e  n e t , ro p e s , e t c . ,  befo re  being 
hauled to  th e  sm 'face and allow ed to  s p i l l  onto th e  deck of th e  v e s se l 
from th e  "cod-end", i . e . ,  tho  bottom end of th e  bag. I t  i s  obvious
th a t  such trea tm en t could  app rec iab ly  a l t e r  th e  sk in  m ic ro -f lo ra  from
th a t  p re se n t in  th e  normal, free-swimming f i s h ,  as organism s w i l l  be 
p icked  up from th e  sea-bed as w ell as from th e  sk in s and expressed  g u t- 
;co n ten ts  of o th e r f i s h  in  th e  tr a w l-n e t . Shewan(1949) found b a c te r ia l  
loads to  be te n  to  a hundred tim es heav ier from th e  sk ins of traw led  
than  lin e -c a u g h t f i s h .
Two "h a u ls" , i . e . ,  ca tch es  by tra w l-n e t were made on 4 th  May 
i 960 , o f f  th e  Oumbraes, in  th e  Clyde E stu a ry , a t  a  depth of 4C/60 
m etres. Twenty-seven f i s n  from the ca tch es which had rece iv ed  the  
minimium of handling  were sampled as soon as p o s s ib le  a f t e r  lan d in g
on th e  sh ip . C te r i le  th ro a t  swabs were rubbed over th e  sk in , pushed
in to /
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in to  th e  g i l l s  tlrrough th e  g ill-o p e n in g s  or had th e  gut co n ten ts  
expressed  onto them tlrrough th e  anus* Immediately a f te r  tak in g  th e  
sample th e  swabs were dipped in to  th e  b o t t le s  co n ta in in g  th e  is o la t io n  
medium, shaken s l ig h t ly  and quickly  withdrawn.
A lto g e th er, six ty -sioc samples were taken  from tw enty-seven f i s h  
o f seven d i f f e r e n t  sp ec ies  -  see Table 7. The samples were then  
brought to  th e  la b o ra to ry  as qu ick ly  as p o s s ib le  and incubated  a t  25°C. 
The tim e in te rv a l  between being talcen and reach in g  th e  la b o ra to ry  was 
33-x hours fo r  samples Nos. 1 to  30, taken from th e  f i r s t  "haul" and 
th re e  hours fo r  Nos# 31 to  66 , from th e  second "haul"# No sp e c ia l 
p rec a u tio n s  reg a rd in g  tem peratu re c o n tro l o f  th e  samples during 
tr a n s p o r ta t io n  were taken  but a t  no t i i ie  d id  th e  atm ospheric tem peratu re 
r i s e  above 25°0 .
A fter fo r ty - e ig h t  hours a t  25^0 th re e  su b -c u ltu re s  were made 
from each sample in to  f re sh  "MYGPS" a t  pH 4 ,0 , 3»5 and 3 .0 ,re s p e c tiv e ly . 
The c u l tu re s  v/ere observed d a ily  fo r  v i s ib le  growth and a f te r  a week 
m ic ro sco p ica l o x m in a tio n  rev ea led  y ea s t c e l l s  m ainly in  th e  o r ig in a l  
c u l tu re s  o f th e  samples and th e  secondary c u l tu re s  a t  pH 4 ,0 , From 
th e  foui* c u l tu re s  o f each sample, th a t  a t  th e  low est pH e x h ib itin g  
y e a s t growth was chosen fo r  fu r th e r  study s in ce  t h i s  was th e  l e a s t  
l ik e ly  to  have excessive  b a c te r ia l  con tam ination , Saib-cultures were 
made onto p e t r i  d ishes co n ta in in g  "MIGFS" in  2% agar-agaz* a t pH 5 .0 ,
The p la te s  were incubated  a t  25*^ 0 fo r  two to  tl;iree days when 
s in g le /
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F âxst c o l le c t io n  o f samples from f i s h  caught a t  a  depth  o f approx. 
40**60 m etres by traw3.^net o f f  th e  Oimbraes l a  th e  Clyde E s tu a ry ,4/5/60#
ilE lS IM h Mê&jS'Ê S M l Area o f
âasæ M æ Mga Sampling
1 Haddock à GJP-Id 36 Skat© B Faeces
Z X ti Faeces 37 Skate 0 Skin
3 Haddock B a i l l o 38 It G i l ls
4 ir Faeces 39 X II Faeces
5 Haddock 0 G il ls 40 Skate D Skin
6 It Faeces 41 X It G il ls
7X Haddock D G ills .42 X ft Faeces
8 X 1} Faeces 43X Haddock F Skin
9 God A- G il ls II G il ls
10 u Faeces 45 It Faeces
11 X God B G il ls 46 X Haddock F Skin
12 n Faeces 47 It G il ls
13 X God G G il ls 48 ft Faeces
14 It Faeces 49 X Haddock G Skin
15 X God 0 G ills 50 X It G il ls
16 It Faeces 51 II Faeces
17 S a ith e  A G il ls 52 X Haddock H Skin
18 It Faeces 53 X It G il ls
19 H # e  A G il ls 54 It Faeces
20 Faeces 35 God E Skin
21 X P la ic e  A G U Is 56 II G il ls
22 II Faeces 57 It Faeces
23 P la ic e  B G ills 58 God F Skin
24 X (1 Faeces 59 X It G il ls
25 P la ic e  C G ills 60 ft Faeces
26 It Faeces 61 liODion so le  B G ills
27 P la ic e  D G il ls 62 X It Faeces
28 It Faeces 63 X If Skto
29 Lemon so lo  A G ills 64 Lemon so le  0 Skin
30 tt Faeces 65 X II G il ls
3 1 X Skat© A G il ls 66 X If Faeces
32 II Skin 67 X ##«111 II# Deck
33 It Faeces 68 X Traw l-
34 X Skato B Skin n e t
35 II G ills 69 Deck
X Samples from which a y sa st oitlb'uro was obtainod
Sgg Table 15 fo r  th e  L a tin  d e s ig n a tio n s  o f  th e  f i s h  l i s t e d  above
-  37 -
s in g le  co lo n ie s  vrere removed# Only one re p re s e n ta t iv e  colony o f 
s im ila r  c o lo n ia l types o ccu rrin g  on a p la te  was s e le c te d  and t h i s  was 
r e p la te d  th rough  Ringer * s so lu tio n . On o b ta in in g  pm^e cu ltu res*  i ,e ,*  
id e n t ic a l  c o lo n ie s , a s in g le  colony was removed and streak ed  on slopes 
o f  th e  same medium h e ld  in  one-ounce, sorew-oap b o ttle s#  A fter 
in cu b a tio n  fo r  two to  th re e  days a t  25^0 th e se  pure y e a s t c u ltu re s  were 
s to re d  a t  4^0 aw aiting  examination#
Yeast s t r a in s  were d e tec ted  on e ig h teen  o f th e  tw enty-seven f i s h  
sampled, i . e . ,  66%. A ltogether tw enty-four ouJLtui-es were ob ta ined  
from tho  six ty -size  f i s h  saiaples from th e  v a rio u s  a rea s  on th e  f i s h ,  
i . e . ,  41%, As only one re p re s e n ta tiv e  colony o f id e n t ic a l  morpho™
Îlo g ic a l  ty p es  occu rrin g  on th e  p la te s  was removed -  a  measure 
consid ered  expedien t s in ce  i t  i s  not p ra c t ic a b le  to  handle v a s t numbers 
o f cu ltu r*00 which would o therw ise be ob ta ined  -  a q u a l i ta t iv e  r a th e r  
th an  a q u a n t i ta t iv e  e s tim a tio n  o f th e  y e a s ts  p re s e n t in  th e  f i s h  
samples has been obtained# These f ig u re s  re p re se n t th e  percen tage 
o f s t r a in  occurrence in  th e  samples but cannot, o f course , be regarded
as an ab so lu te  e s tim a tio n  because y ea s t s t r a in s  having th e  same
c o lo n ia l and m orphological appearance but d i f f e r in g  in  o th e r c h a ra c te r is -  
i t i c s  may w ell have bean overlooked.
2) Second C o llec t ion  -  Clyde E stuary , 27 th  June , I960:
A second c o l le c t io n  o f samples was made on 27th  June, I960 from
two "hauls" tak en  in  th e  Clyde Estuary and on t h i s  occasion  n in e ty -e ig h t 
samples were taken  from th i r ty - e ig h t  f i s h  -  seo Table B,
TABLE B
38
Second c o l le c t io n  of samples from f i s h  caught a t  a depth o f approx. 
40-60 m etres, F in try  Bay, Clyde E stuary (nos* IO I-I50) and a t  
60^80 m etres, o f f  Mt«. S tew art, Clyde E stuary ,(nos*  151^198),27/6/60;
Sample F ish  
No.




P i ^ Area of  
Sa"J>î>l>K
101 Haddock A G U Is 150X P la ic e  F Skin102 X II Faeces 151 Skate A Skin101 X Haddock B G i l l s 152 II G i l l s
104 X II Faeces 153 II Faeces
105 Haddock C G i l l s 154 Whiting A G i l l s
106 II Faeces 155 II Skin107 X Cod A G i l l s 156 II F a e c e s
108 X H Faeces 157 X Whiting B G il l s
109 Cod B G i l l s 158 X. II Skin
110 II Faeces 159 X II F a e c es
111 Cod C G i l l s 160  X Whiting C G i l l s
112X II Faeces 161 X II Sk in
113 P la ic e  A G i l l s 162 II F a eces
l U u Faeces 163 Witch A G i l l s
115X P la ic e  B G i l l s 164 X Skin
116 II Faeces 165 X II F a eces
117% P la ic e  C G i l l s I 6 6 x Witch B G i l l s
318 II Faeces 1 6 7 / II Skin
119 p la ic e  A Skin 168 M F a eces
320* P la ic e  B Skin 169 X Witch C ' G i l l s
321 P la ic e  C Skin 17ÜX Skin
322 Lemon s o l e  A G i l l s 171 ll F a eces
123 II Faeces 172 Cod D G i l l s
124 II Skin 173 II Skin
125 Lemon s o le  B G i l l s 174 It F aeces
126 II Faeces 175 X Cod E G i l l s
127 II Skin 176 X II Skin
3 28 D ogfish A G i l l s 177 X II F a eces
129 II Faeces 178 Cod F G i l l s
I 3OX D ogfish  B G i l l s 179 X II Skin
131 X II Faeces 180 II F a eces
132 X D ogfish  0 G i l l s 181 X Saithe A G i l l s
133 II Faeces 182 X II Skin
134X Gurnard A G i l l s 183 X II Faeces
135 H Faeces 184 Hake A G i l l s
136  X Haddock D G i l l s 185 X II Skin
1 37 II Faeces 186 II Faeces
138 Haddock B G i l l s 187 X Whiting D G il l s
139 II Faeces 188 X II Skin
340 Haddock F G i l l s 189 X II Faeces
141 II Faeces 190  X Whiting E G i l l s
142 Haddock G G i l l s 191 X M Skin
143 II Faeces 1 9 2  X It Faeces
144 P la ic e  D .G i l l s 193X Whiting F G i l l s
145 II Faeces 194  X tf Skin
146 X P la ic e  E G i l l s 195 X w Faeces
147 X II Faeces 196 X Whiting G G i l l s
148 X P la ic e  F G i l l s 197 X * Skin
149 II Faeces 198 M Faeces
X Samples from which a yeast culture was obtained.
See Table 15 for the Latin designations of the fish listed above.
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Saiap.les Hos* 101 to  150 were taken  from th e  f i r s t  "haul" made a t  
4 0 /6 0  m etres in  F in try  Bay, G reat Gum brae and' Nos. I 5I  to  198 were 
from th e  second "haul" made a t  60/ 8O m etres o f f  Mount Stuai’t ,  Bute,
The same sampling methods were employed as in  th e  f i r s t  c o l le c t io n  
except th a t  th o  pH o f th e  is o la t io n  medium "IffGPS" was lowered to  
5*0 and wooden swabs, which w ere broken from t h e i r  ho ld ers and l e f t
in  th e  medium, were used to  ta k e  th ir ty - tw o  o f th e  samples (Nos, 166/
198) in  p la ce  o f th e  w ire-d ip  ones. These wooden swabs had to  be 
removed a f te r  tlire e  to  fouc days as moulds were found to  be growing 
on th e  broken s ta lk s  in  many o f th e  c u l tu re s .
The in c lu s io n  o f m o u ld -in liib itin g  agen ts in  th e  i s o la t io n  medium 
was considered  in  view o f t h i s  mould g^rowth, llertg; and Levine (1942) 
found 100 p .p .m .; diphenyl in  m alt e x tra c t  agar In h ib ite d  a la rg e  
percen tage  o f pure mould c u ltu re s  and only a  few y e a s t sp ec ie s , w hile 
itrak and P haff (1948) found th a t  a 5% wort agar w ith  2,500 p .p .m .,
sodium p ro p io n a te  was q u ite  e f f e c t iv e  in  s e p a ra tin g  y e a s ts  and moulds,
E tc h a lls  e t  al., (1954) found* however* th a t  both diphenyl and sodium 
p ro p io n a te  could be in h ib i t in g  to  c e r ta in  y e a s t sp ec ie s  and s t r a in s  
and d id  not recommend th e i r  use fo r  t o t a l  p o p u la tio n  y e a s t i s o la t io n s .  
In  view o f th e se  f in d in g s  and th e  slow r a te  a t  which moulds developed 
in  th e  i s o la t io n  medium i t  was decided not to  add any m o ild - in h ib itin g  
ag en ts .
The samples from th e  f i r s t  and second "hau ls" reached  th e  
la b o ra to ry  s ix  and tiu ’ee hours* resp ec tiv e ly *  a f t e r  being tak en  and,
a s /
as b e fo re , th e  atm ospheric tem perature during  tr a n s p o r ta t io n  d id  not 
r i s e  above
Secondary cu ltu i 'e s  were prepared  in  ’'MIGFB-' a t  pH 4 .0 , 3*5 and 
3 .0  from th e  o r ig in a l  c u l tu re s  which had been incubated  a t  25^0 fo r  
s ix ty -tw o  hours and pure c u l tu re s  were o b ta in ed  by p la t in g  procedures 
as d esc rib ed  fo r  th e  f i r s t  c o l le c t io n . A lto g e th er fo r ty « e ig h t 
i s o la te s  were ob ta ined  from th e  n in e ty -e ig h t sam ples, i . e . ,  
occurrence and y e a s ts  were found on tw en ty -e ig h t o f th e  th i r ty - e ig h t  
f i s h  sampled, i .e *  73/t.
B e tte r  r e s u l t s  were ob ta ined  w ith wooden swabs. As can be 
seen in  Table 8 , twenty-two re p re s e n ta tiv e  c u l tu re s  were is o la te d  from 
th ir ty - tw o  samples tak en  w ith  wooden svvabs, i . e . ,  occurrence, 
whereas only tw en ty -s ix  re p re s e n ta tiv e  c u l tu re s  were is o la te d  from 
th e  s ix ty - f iv e  w ire-d ip  sam ples, i . e . ,  40:: occurrence* The in c re a se  
in  th e  number of y e a s t s t r a in s  is o la te d  u s in g  th e  wooden swabs may 
a r i s e  from th e  longer co n tac t of th e  swab in  th e  medium when any y e a s t 
c e l l s  p re se n t in  th e  sample have tim e to  e s ta b l i s h  grovrth b efo re  being 
removed, as may w ell happen w ith  th e  w ire -d ip  swabs. Also, th e  
p resence  of organic m a te r ia ls  from th e  sampled a re a , i . e .  f i s h  slim e, 
fa e c e s , e t c . ,  absorbed onto th e  swab may help  to  promote th e  grovrth 
of th e  y e a s t c e l l s .
3) T h ird  C o lle c tio n  -  North Sea, o f f  Aberdeen, 19th July» I960:
A tra w l-n e t was used to  ca tch  th e  f i s h  as  sp e c ia l equipment fo r  
1 in e -c  a t  c h in g /
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l in e -c a tc h in g  was not a v a ila b le . Only one "haul" was made on t h i s  
occasion  a t  64 m etres, th re e  to  four m iles o f f  th e  A berdeenshire 
c o a s t, some m iles south of Aberdeen, from which tw en ty -e ig h t f i s h  
wei'Q sampled. Camples were a lso  taken  in  t h i s  in s ta n ce  from th e  
mouths of th e  f i s h ,  through which la rg e  amounts of sea-w ater pass to  
th e  gi3.1s in  th e  free-swimming f i s h .
In  view of th e  in c re a se  in  th e  numbers o f y e a s t types is o la te d  
in  th e  -last c o l le c t io n  u sing  wooden swabs th e s e  were employed fo r  a l l  
sampling here* On reach in g  Aberdeen two hours a f te r  ta k in g  th e  
sam ples, th e  c u l tu re s  were p laced  a t  25^0 in  th e  Terry Research 
: t a t io n .  These were removed from th e  in cu b a to r about s ix te e n  hours 
l a t e r  fo r  t r a n s p o r ta t io n  to  Glasgow, %Aere, tw en ty -fou r hours l a t e r ,  
they were p laced  a t  25*0. Once ag a in ,d u rin g  tr a n s p o r ta t io n , th e  
atm ospheric tem pérature d id  not r i s e  above 25^1.
A ltoge ther one hundred and four samples were tak en  from tw enty- 
s e ig h t f i s h  (see  Table 9 ) . Samples Mob. 2(1) to  249 were p laced  in  
i s o la t io n  med'.um, i . e . ,  "HYGPf" a t  pH 5 .0 , w hile  Nos, 301 to  371 were 
p laced  in  th a t  of pH 4*0* As can be seen in  Table 9 , th e  number of 
y e a s t ty p es is o la te d  in  th e  medium a t  pH 4 .0 , i . e . ,  f i f t y  from f i f t y -  
;fo u r samples -  921 -  i s  much h igher than  th a t  a t  pH 5 .0 , i . e . , t h i r t y  
from f i f t y  s a  .p ies -  6 0 /, Less b a c te r ia l  con tam ination  was observed 
a lso  in  th e  samples p laced  in  th e  medium a t  pH 4*0. O ccasionally  th e  




T hird  c o lle c tio n , o f samples from f i s h  caught a t  a  depth  o f 
64 metros* 3 -4  m ilos o f f  th e  A berdeenshire coast* 19 /7 /60
Sample F i s h Area- of No. of
N O . Sampi ing S t r a i n s
200 Dab A G il l f i
201 F a e c e s
202% Haddock A Skin 1
203 G i l l s —
2 0 4 / M Mouth 1
205 M F aece s —
206 Haddock B Skin
2 0 7 / G i l l s 1
208> " Mouth 1
209* F a e c e s 1
210 Haddock C Skin —
211 G i l l s —
2 1 2 / M Mouth 1
2 1 3 / II F aece s 1
2 1 4 / Whi t i n g A Skin 1
215/ G i l l s 1
216 Mouth ■' -  ■
217 " F aece s —
218 Whi t i n g B Skin —
219 / G i l l s  , 1
220 Mouth
221 F aece s —
222 / Whi t i n g C Skin 1
223 " G i l l s —
224X Mouth 1
.225 Faece s —
226 /  Haddock D Skin 1
227% G i l l s 1
228* Mouth 1
229 " F a e c e s —
230% Cod A Skin
231 / ti G i l l s 1
232 II Mouth —
233% F aece s 1
234 G urna rd A Skin —
235% " G i l l s 1
236% ir Mouth 1
237 II F aece s —
2 3 8 / G urna rd B Skin 1
239 G i l l s —
240X Mouth 1
241 F a e c e s —
242% M a c k e re l A Skin 1
243 G i l l s —
244 Mouth —
245% II F aece s 1
246% Hake A Skin
247 G i l l s —
248% Mouth
249% F aece s 1
301%Lemon Sole  A G i l l s 1
302% It Skin 2
Sample Fiph Area of No. <
N o . ' Sampling Stra'
303% Lemon Sole A Faeces 1
304% *1 Mouth 1
30 5 % Lemon Sole B Skin 1
306% H G il l s 1
307% 0 Faeces 1
3 0 8 % II Mouth 2
309% Lemon Sole C Skin 2
311% Gi l l s 1
312 Faeces
313 Mouth
314% Lemon Sole D Skin 1
315 Faeces
316% II Mouth 1
317% P la ice A Skin 2
318% Gi l l s 1
319% Mouth 1
320% Faeces 1
321% P la ice B Skin 2
322 % Gi l l s 1
323 Mouth —
3 2 4 ^ " Faeces —
325% Cod B Mouth 1
326 Gi l l s —
327% Skin 1
3 2 8 Faeces
3 2 9 % Mackeral B Skin 2
330% " Gi l l s 2
331% " Mouth 1
332% " Faeces 1
333% Mackerel C Skin 1
334 " Gi l l s —
335% " Mouth 1
336% " Faeces I
337% Mackerel D Skin 1
338% Gi l l s 1
339 Mouth —
340% Faeces 1
341% Dab B Skin 2
342% Gi l l s 1
343% Faeces 1
344 % Dab C Skin 1
345% II Gi l l s 1
346 II Faeces —
347% Dab D Skin 1
348% Gi l l s 1
349 Faeces
350 Dab B Skin ---
354% p la ic e C ' Gi l l s 2
360% h Skin 1
361 Faeces —
370% P la ic e  D Gi l l s 1
371/. Skin 1
See Table 15  fo r  the Latin d es ign ation s  of the f i s h  l i s t e d  above.
X Samples from which a  y e a s t c u l tu re  was ob ta ined
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medium of h igher pH were found to  develop, even in  th e  media of lov/er 
pH, e .g . ,  4-00, 3 .5  and 3 ,0 . In  view o f th e  in c re a se  in  th e  numbers 
o f  y e a s ts  is o la te d  a t  pH. 4 .0  t h i s  value was chosen fo r  fu tu re  i s o la t io n s .
As on th e  p rev ious occasion  secondary c u l tu re s  were p repared  a t  
pH 4*0 (Nos. 200 to  24.9 o n ly ), 3*5 and 3 .0 , and pure c u ltu re s  
ev e n tu a lly  o b ta in ed . Again, only one re p re s e n ta t iv e  colony was taken  
from a p la te  and a lto g e th e r  e ig h ty  y ea s t i s o la te s  were ob ta ined  from 
th e  one hundred and fo u r samples talcon, i .e *  7 7 Thi s  i s  much h igher 
th an  th e  corresponding f ig u re s  in  th e  f jjrs t two c o l le c t io n s ,  i . e . ,  4-1^ 
and 4 - 9 re s p e c tiv e ly .  I t  i s ,  however, d i f f i c u l t  to  account fo r  th e
in c re a se  in  th e  number of types ob ta ined  h e re . There may be se v e ra l 
c o n tr ib u to ry  f a c to r s  in  t h i s  in s tan ce , e .g . ,  lo c a t io n  o f ca tch in g  th e  
f i s h ,  seasonal v a r ia t io n  in  th e  f i s h  m ic ro - f lo ra  and improvements in  
sam pling and is o la t io n  tech n iq u es, e .g . ,  lower pH of medium and th e  
u se  o f wooden swabs.
I t  i s  a lso  o f in t e r e s t  to  note here  th a t  y e a s ts  were is o la te d  
from f il l  th e  tw en ty -e ig h t f i s h  sampled.
A) Fourth  C o lle c tio n  -  G le tty  Bank, o ff  th e  East Coast o f Ice lan d ,
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11th  and I4.th Beotemb er, 1961:
Samples were taken  from f i s h  caught by tra w l-n e t a t  th e  south edge 
o f th e  G le tty  Banîc, o f f  th e  E ast Coast o f Ice lan d , a t  210/220 m etres. 
I s o la t io n  medium "HYGPS" a t  pH 4 .O and wooden swabs were employed, as 
p re v io u s ly . F if te e n  samples were talcen a l to g e th e r  from th e  g i l l s ,  
sk in  and in t e s t i n a l  co n ten ts  o f fo u rte e n  f i s h  (see  Table lo ) .
>4^j.
TABLE .10
.Fourth c o l le c t io n  o f samples from f i s h  caught a t  a depth o f 210/ 
220 m etros, sou th  edge o f th e  G le tty  Banic, East Coast o f Ice lan d , on 
11 th  and l / t h  September, 1961:-
Sample No, 2sfes™2£_§imUas Area o f Sampling
417 X 11/9/61 Witch A Skin
4 1 8  X It S a ith e  A II
421 X 1 II G ills
420 X ff God A Skin
423 X 1 God B G ills
422 X It Haddock A Skin
429 X tl Haddock B G ills
4*24* / I 4/ 9/ 6I Sole 1 Skin
4-25 % rt Bream A II
419 % II Bream B II
427 % It Bream G G ills
42a X tl Lemon so le  B Faeces
450 X II Cod 0 II
443 II Haddock C IIIt Bx*eaii B II
(See Table 15 fo r  th e  L a tin  d es ig n a tio n s  o f  th e  f i s h  l i s t e d  above.)
X Samples from which a y e a s t c u l tu re  was ob tained
The swabs were removed from th e  medium aXtor tiire e  to  fou r days 
to  p roven t p o s s ib le  mould growth on th e  s ta lk s ,  as found before*
The c u l tu re s  were h e ld  between 17°C and 209c du ring  th e  rem ainder o f 
th e  voyage and on a r r iv a l  a t  Aberdeen were d isp a tch ed  on 21st 
September, 1961 to  Glasgow whore they  a rr iv e d  on 26th September, 1961. 
The tem peratu re a t  which th e  c u l tu re s  were h e ld  w hile in  th e  p o s t i s  
not known, bu t an immediate m icroscop ica l exam ination rev ea led  th e  
p resence  o f y e a s t c e l l s  in  n ea rly  a l l  o f  them w ith  l i t t l e  or no 
b a c te r ia l  growth apparen t. The c u ltu re s  were, th e re fo re ,  imm ediately
seeded onto p la te s  of "MYGPS" co n ta in in g  Z% a.ga3>agai“* a t  pH 5 .0  and 
secondary /
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secondary c u l tu r e s  a t  pH 3*5 and 3 .0  were a l s o  in o c u la te d .
i \ f te r  two to  ttiree  days a t  25^G good growth o f  y e a s t  c o lo n ie s  
in  some c a s e s  two or th r ee  d i s t i n c t  c o lo n ia l  ty p e s  ( s e e  Figure 1) 
were apparent on one p la t e  -  was found on t h i r t e e n  o f  th e  f i f t e e n  
seeded  p l a t e s ,  on ly  th r e e  o f  which were contam inated w ith  b a c te r ia ,  
Pure c u l t u r e s  from s in g le  r e p r e s e n ta t iv e  c o lo n ie s  from each p la t e  
were ob ta in ed  as b e fo r e .
FIGURE 1 Yeast c o lo n ie s  growing on "MYGPS" agar -  sample 423.
S im ultaneously  w ith  th e  seed in g  o f  th e  o r ig i n a l  c u l tu r e s  onto  
th e  s o l i d  medium a t  pH 5 .0  broths o f  i s o l a t i o n  medium "MYGPS" a t  
pH 4 .0 ,  c o n ta in in g  a m ixture o f  a n t i b i o t i c s  were a ls o  in o c u la ted  and 
p la c e d  a t  25°G fo r  two t o  th r e e  days. The l a t t e r  medium was prepared  
by making s t e r i l i s e d  "MYGPS" a t pH 4 .0  up to  volume w ith  a f i l t e r -  
s t e r i l i s e d /
— a6 •“
s t e r i l i s e d  so lu tio n  (aqueous) o f a m ixture o f  a n t ib io t i c s  in  
s u f f i c ie n t  q u a n tity  to  give f in a l  co n c en tra tio n s  in  th e  medium of 
lOmg^ aureomycin, 2mg/  ^ chloram phenicol and 2mg% streptom ycin  siiphate. 
F e l l  e t  a l ,  (I960) is o la te d  a broad range o f y e a s t sp ec ies  by th e  
in c lu s io n  o f such an a n t ib io t i c  mdjcture in  t h e i r  i s o la t io n  media* 
Although as s ta te d  e a r l i e r ,  a n t ib io t ic s  have in  some in s tan ce s  been 
found to  suppress y e a s t gi*owth i t  was hoped to  a s c e r ta in  th e  e f f e c t s  
o f  th e se  ag en ts  on th e  typo o f f lo r a  being i s o la te d  in  th e se  s tu d ie s  
by comparing th e  growth ob ta in ed  u sing  p la in  i s o la t io n  media and 
th a t  supplemented w ith th e  a n t ib io t i c s .
P la te s  o f  p la in  i s o la t io n  medium a t  pH 5 .0  were in o cu la ted  from 
b ro th s  co n ta in in g  th e  a n t ib io t i c s  and p laced  a t  25^0 fo r  two to  th re e  
days when com parison w ith  th e  f i r s t  s e t  o f p la te s  in o cu la ted  from th e  
o r ig in a l  c u l tu re s  was p o s s ib le . A com parison was p o s s ib le  only by 
a s sm in g  th a t  id e n t ic a l  c o lo n ia l types on th e  two p la te s  from each 
sample re p re se n t th e  same y e a s t s t r a in  -  see Table 11, These 
r e s u l t s  in d ic a te  th a t  th e  a n t ib b tic  medium was probably  su p e rio r  to  
th e  p la in  one inasmuch as seventeen  o th e r d i s t i n c t  c o lo n ia l types 
were found as w ell a s  s t r a in s  (as  rep re se n te d  by id e n t ic a l  co lo n ies) 
which were common to  both  media. Also on th e  former medium th e  
b a c te r ia  p re se n t in  samples 425, 428 and 429 f a i l e d  to  develop.
I t  i s  d i f f i c u l t  to  ex p la in  why more y e a s ts  developed in  th e  
a n t ib io t i c  medium. The a n t ib io t i c s  them selves may have ex e rted  an 
e f f e c t  e i th e r  in  s tim u la tio n  o f th e se  y e a s ts  o r in  causing  s l ig h t  
su p p ress io n /
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ÏÜBLE 11
Yeast o u ltu re s  from th e  fo u r th  c o l le c t io n
C u ltu re  Ho* Câ?owth on p la in  Grovrth on "MYGPS"
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su p p ress io n  o f th e  types dom inating th e  f lo r a ,  to  th e  advantage 
o f th e  o th e rs . Another ex p lana tion  could be th a t  th e  a n t ib io t i c s ,  
by supp ressing  th e  growth o f b a c te r ia ,  p rev en ted  th e  accum ulation 
o f  y e a s t in h ib i to r s  which may be produced by th e  b a c te r ia  in  th e  
c o n tro l c u l tu re s .  In  view o f t h i s  in c re a se  in  th e  numbers of 
r e p re s e n ta t iv e  y e a s t s t r a in s  ob ta ined  by th e  in c lu s io n  o f a n t ib io t i c s  
in  th e  i s o la t io n  medium i t  was decided to  t e s t  th e  whole y e a s t 
c o l le c t io n  on th e  above a n t ib io t ic  medium fo r  any p o s s ib le  in ii ib ito ry  
,e f f e c t s .  Although th e se  agen ts have been used  by some workers fo r
m arine y e a s t i s o la t io n s  -  F e l l  e t  a l ,  (i960) and O a p r io tt i  (1962)^ -  
no in fo rm ation  e x is ts  reg a rd in g  th e i r  e f f e c t  on tho  gro\rt.h o f  y e a s ts  
is o la te d  w ithout a n t ib io t i c s .  No in h ib i t io n  o f grovrbh was, however, 
no ted  fo r  any s t r a i n  in  th e  c o l le c t io n  bu t i t  must be remembered 
th a t  most o f  th e se  s t r a in s  have been is o la te d  in  th e  one. p a r t ic u la r  
medium, "MYGPS", which may s e le c t  s t r a in s  which a re  not s e n s i t iv e  to  
a n t ib io t i c s  and, u n t i l  b roader t e s t s  o f i s o la t io n  media have been 
made, th e  au thor would recommend th e  use o f both  a n t i-b io t ic -c o n ta in in g  
and p la in  media fo r  th e  i s o la t io n  o f m arine y e a s ts .
The e x tra  c o lo n ie s , i . e . ,  s t r a in s ,  were p la te d  out fo r  pure 
c u l tu re s  as b e fo re . A ltoge ther from th e  f i f t e e n  samples tak en  
th i r ty - f o u r  y e a s t s t r a in s  were ob ta ined  and o f th e  f i f t e e n  f i s h  
sampled y e a s ts  were d e tec ted  on fo u rte e n  -  see  Table 11,
5) Line-Gaught F ish  -  Fast of  Aberdeen, 19th  and 20th Apri l ,  1961:
On th e  19th  and 20th of A p ril, I 96I  a ttem p ts  være made from th e  
DS.1R tra w le r  "S ir  William Hardy" to  ca tch  f i s h  by l in e s .  This proved 
t o /
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to  bo a d i f f i c u l t  ta s k  as th e  traw le r  was not equipped fo r  t h i s  
ty %)0 o f f is h in g  but a f te r  "shooting" th e  l in o s  tÎTcreo tim es fo r  
approxim ately  two hours on each occasion  fo u r f i s h  were caught# 
These were l i f t e d  out o f th e  w ater w ithout c o n ta c t w ith  th e  v e s se l 
and samples tak en  from th e i r  g i l l s ,  sk in s , mouths and in te s t i n a l  
t r a c ts #
TABLE 12
Samples from f i s h  caught by l in e s  a t  74 m etres on 19th and 
20th  A p ril, 1961s-
Date of P o s itio n  o f Area o f  f i s h
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Samples from which c u l tu re s  were ob ta ined :— X
See Table 15 fo r  th e  L a tin  d es ig n a tio n s  o f th e  f i s h  l i s t e d  above#
I s o la t io n  mediiva, "MYGPS", a t  pH 4=0 and wooden swabs were used
i n /
— 50 -  .
ill th e  sampling# As acn be seen in  Table 12 a tu rb o t -  Scopthalmus 
niaxhnus -  and a l in g  -  Molva mol va -  were caught on 19th A pril,
1961 a t  74 m etres, 51 m iles e a s t  of Aberdeen and on 20th A ppil,
1961 two sk a te  -  Ran a sp ec ies  ™ were caught 44 m iles e a s t of Aberdeen 
a t  74 metres# A ltogether s ix te e n  samples were taken  from th e se  
f i s h  and th e  c u ltu re s  d ispa tched  to  Glasgow where an immediate 
m icroscop ica l exam ination rev ea led  y ea s t c e l l s  p re se n t in  a t  l e a s t  
seven of them# M l were seeded onto p la te s  of "flYGl'S" a t pfi 5 .0  
and b ro th s  o f  "MÏGPS" a t  pU 4.9 ,3#5 and 3 .0  were in o cu la ted  fo r  
secondary cu ltu res#  U nfo rtuna te ly , heavy mould growth was found to  
be p re se n t in  most of th e  cu ltin /es when the;;- a r r iv e d  in  Glasgow and 
th i s  contîvnination g re a t ly  h indered  iso la tio n #  i'u re  y e a s t c u ltu re s  
were ob ta in ed  from only th re e  of th e  o r ig in a l  c u l tu re s  of th e  samples,
MoSê 492, 495 and 497 (see  Table 12)#
6) C u ltu res  o f Miscella n e o u s O rig in  held  in  th e  C o llec tio n :
B esides th o  one hundred ?:xnd e ig h ty -n in e  y e a s t s t r a in s  is o la te d  
in  th e se  f iv e  c o l le c t io n s  th i r ty - th r o e  s t r a in s  from v ario u s m arine 
sources, in c lu d in g  f i s h ,  have been sen t to  t h i s  la b o ra to ry  by d i f f e r -  
sent worjeers and held  w ith th e  former s t r a in s  fo r  c la s s i f i c a t io n  and 
o th e r stud ies#
The la rg e s t  s in g le  group of such s t r a in s  was sont by Dr. N#Smith
o f th e  S c o tt is h  Home O ffice  Marine L aboratory, Aberdeen, who is o la te d
them in  March,1958 from salmon -  Salmo sod or -  r e tu rn in g  ^rom th e  sea
to  spawn and caught a t  Park, 14 m iles up th e  R iver Jae, A berdeenshire. 
In /
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In  sajiipling th e  f i s h  th e  l a t t e r  worker p laced  swabs from th e  g i l l s  
and slim e la y e r  in  s t e r i l e  te s t - tu b e s  and l a t e r  s treak ed  p la te s  o f 
Osapek-Dox medium made w ith  e i th e r  f re s h -  or sea -w a te r( see Table 13)
TABLg. 13
Y easts from salmon* River Dee, la rk ,  Aberdeenshire* March 1958%-
C ultu re ■ >wab Solvent used Tor I s o la t io n
Ho. ho. Source I s o la t io n  iiodiim Temperature
Y3 I G ills FW -  fre sh -w a te r  22^C
YII I If FW
Y54 V II FW "
254 I It S W  “ sea-w ater "
279 V It 3W "
281 V It 81 "
431 V Slime
1108 X III II FW
IIO9 tl II FU "
1110 It II • FW ”
1111 ft II FW "
1112 ft II FW "
1113 If II FW ”
1114 it II FW "
1131 XIV II FW
1301 X III II SW "
3Ï1 I II 8W 370
312 I II SW "
dee Table 15 fo r  th e  L atin  do s ig n a tio n  of th e  f i s h  l i s t e d  above.
A ltogether , as in d ic a te d  in  Table 13* e ig h teen  y e a s t s t r a in s  were
is o la te d  s ix te e n  of vjhich were found in  c u l tu re s  incubated  a t  22®
and th e  o th e r two. both b lack y e a s ts , which were la to r  id e n t i f ie d
P u l lu la r ia  pullulem s* were found a f te r  in cu b a tio n  a t  37^0.
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Wine of th e se  i s o la te s  -  281, 431, BYl, BI2, Y3, 111, Y54? 254? 
and 279 -  were sen t to  t h i s  lab o ra to ry  p r io r  to  t h i s  in v e s t ig a t io n  fo r 
c l a s s i f i c a t i o n  and study and they were m aintained  during  th i s  tiino on 
p la in  'h ’YGi'" agar slopes (M orris, persona l com munication). The o th e r 
n ine  s t r a in s  wore held  a t  Torry Research Fta tio n *  Aberdeen, on Caapek- 
: .)ox medium u n t i l  they  were d ispatched  to  t h i s  labora;hory in  February
1960,
S tra in s  T2, T4, T6, T7, 846 and 845 which were is o la te d  from 
marine f i s h  during  b a c te r io lo g ic a l  s tu d ie s  a t  Torry : esearch ta t io n  
wore a lso  held  on p la in  "iKGP" medium in  t h i s  la b o ra to ry  p r io r  to  th e  
p re se n t in v e s tig a tio n #  ' t r a in s  846 and 845 were s tu d ied  and c l a s s i -  
u fied  (M orris p erso n a l coiiununication), The sources of th e se  s t r a in s  
a re  in d ic a te d  in  Table I 4 .
t t r a i n s  4tk*ed, 149, 12pink, Light I ,  and Light f l  -  th e  sour cos 
of which a re  a lso  in d ic a te d  in  Table I 4 -  wex’e sen t to  t h i s  la b o ra to ry  
by d r, h d .F lo o d g a te , Torry Research (Station* in  February 1960* on 
Csapek-dox modiimu Light I  and Light I I  were is o la te d  from a viino- 
: gradsky column(Larson*1954) using  seaweed in s te a d  of straw#
Also in d ic a te d  in  Table I 4 are  s t r a in s  43/6 and 117/1 xdiich were 
is o la te d  by O r.I.m nderson, Anderson C ollege, Department of C ao terio - 
Îlo g y 5 Glasgow U n iv ers ity , during h is  s tu d ie s  of th e  b a c te r ia l  f lo ra  
of seaw ater in  th e  Forth  Rea o ff  the  A berdeenshire coast#
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TABLE 1 4
Source o f m iscellaneous c u ltu re s  o f  m arine o rig in ;
C u ltu reM w  kef re.Vi*# PlL^e or Person from
No. Source
■ 1 «■.TIM which/whom ro c 0ived





846 S kate- g i l l s II
845 II II
40red Winkle in  rock  pool II
T40 It II
12pinic Decaying Laminar!a It
Light I Seaweed in  Winogradsky column II
Light I I II It
43/6 Seawater*North Sea* 10 m iles Dr. I* Ander son* Glasgow
o ff  Aberdeen* a t 12 m etres. U n iv e rs ity .
117A It II
HER3 Decomposing smoked h e rrin g Torry Research S tation*
Aberdeen*
ilEii? It II
See Table 15 fo r  th e  L a tin  d esig n a tio n s  o f th e  f i s h  l i s t e d  above.
A ll th e  above mentioned s t r a in s  a f te r  a p u r i ty  check v/ere tr a i ls -  
: f e r re d  to  s lopes of "MYGPS" a t  pH 5 .0  and m ain ta ined  a t  4®G w ith two 
to  tlire e  monthly t r a n s f e r s  to  f re sh  media.
7 ) Sea-w ater I s o la te s  -  Clyde E stuary , 28th August, 1961;
As can be seen from l i t e r a t u r e  reviewed in  th e  In tro d u c tio n  th e  
occurrence o f y e a s ts  in  v ario u s m arine h a b i ta ts  i s  a  w ell e s ta b lis h e d  
f a c t .  L i t t l e  in fo rm ation  i s  y e t a v a ila b le  however reg ard in g  both th e  
q u a n t i ta t iv e  and q u a l i ta t iv e  d is t r ib u t io n  of y e a s ts  in  th ese  h a b i ta ts  




L a tin  d es ig n a tio n s  fo r  E nglish  f i s h  names :■






Haddock(A tlan t i c ) 
Haîce( A tla n tic )  




P la ic e






L a tin  D esignations 
Lagodon rhoraboides 
Gadus c a l la r ia s p  syn*G.morhua 
P leu r onec t e s  ( Limanda) f  a r ru g in ia  
Squalus ac an th ias  
T r ig la  sp ec ies
Melanogrammus(G adus)aeglefinus
M erluccius m ei\luccius
Glupea harangue




P leu ro n ec tes  p la te s sa
Pollachius(G adus) v ire n s
Salino s a la r
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to  e liio id a to  the :ir r e la t io n s h ip  w ith  f i s h .
In t h i s  study i t  was not p ra c t ic a b le  to  undertake broad in v e s t-  
g ig a tlo n s  o f  th e  y e a s t f lo r a  o f th e  whole m arine environment* However 
a ttem p ts have been mad© to  study a few sea-w ater samples tak en  from 
th e  Clyde Estuary  a t  a lo c a tio n  near where several, o f th e  "hauls" 
were made fo r  th e  F i r s t  and Second C o lle c tio n s .
In o rder to  tak e  sea-w ator samples an ap p ara tu s modelled on th e  
"J-Z B a c te r io lo g ic a l Water Sampler" designed by Z o b e ll(1 9 4 l)* but 
somewhat s im p lified*  was co n s tru c ted  -  see F ig u res 2 and 3# This 
co n s is te d  o f a  c a r r ie r  "H "(in t h i s  in s tan ce  made o f wood) w eighted 
w ith  le a d  sh e e ts  "K" and adapted fo r  ready connection  to  a s tandard  
}iydrographieal w ire o r cab le  "A" a t  "!J". A s t e r i l i s e d ,  p a r t i a l l y  
evacuated g la ss  b o t t l e ( in  t h i s  case a sm all m inera l-w ater b o t t l e  
proved q u ite  s u ita b le )  "L" i s  p laced  in  th e  c a r r i e r ,  f ix e d  by screws 
" J " , and th in  g la ss  tu b in g  "C" connected to  th e  b o t t l e  through rubber 
tu b in g  "F" i s  p laced  in  p o s i t io n  as in d ic a te d  in  F igures 2 and 3*
When th e  appara tu s i s  lowered( see F igure 4) to  th e  d e s ire d  depth  a 
m etal messenger i s  sen t down th e  suspending w ire "A" to  s t r ik e  th e  
le v e r  (h e ld  on a sw ivel screw a t  "G" ) a t  "B" th u s  fo rc in g  up th e  p a r t  
la b e l le d  "M" to  s t r ik e  th e  g la ss - tu b in g  and cause i t  to  break a t  a 
f i l e  mark "FM". The rubber tub ing  "F" im m ediately s tra ig h te n s  out and 
th e  sea-w ater e n te rs  th e  b o t t l e  a t  a p o in t s e v e ra l inches from th e  
ap p a ra tu s , th u s  le ssen in g  th e  chances o f con tam ination  of th e  sample.
T here /
4( f ro n t view)
FIGURE 2 Sea-w ater sam pling apparatus*
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FIGiJRE 3 Sea-w ater sam pling apparatus
FIGURE A Sea-w ater sam pling apparatus b e in g  
low ered in to  th e  se a .
•=* 5o
Tîiere i s  l i t t l e  p o s s ib i l i ty  of a d v e n tit io u s  organisms en te r in g  
th e  b o t t l e  w hile th e  ap p ara tu s  i s  being hcuiled to  th e  su rfcoe as th e  
p ressu re  o f th e  w ater in s id e  th e  b o t t l e  Ouuals th a t  on th e  o u ts id e  and 
th e  tendency i s  fo r  w ater to  be fo rced  out of th e  b o t t l e .  On reach in g  
th e  su rface  th e  rubber tu b in g  was c losed  t ig h t ly  w ith  a c l ip  u n t i l  th e  
broken g la s s  tub ing  could be sealod  with a flam e♦ h^foro use th e  
sampling b o t t l e s  were assembled w ith an a d r - f l i t e r  a ttac h ed  to  th e  open 
end of th e  g la ss  tub ing  and autoolaved a t  10 lb /s q u a re  inch  p re ssu re  
fo r  20 mins. A fte r a iitoc lav ing  a p a r t i a l  vacuum was c rea ted  in  th e  
b o t t l e  by a tta c h in g  th e  a i r - f l i t e r  to  a vacuum l in e .  The b o t t l e  was 
tliori sea led  by c o lla p s in g  and drawing out th e  ,;;lass tube between th e  
b o t t le  and th e  c iir* ^ rilte r. A ll th e  jo in t s  between g la ss  and rubber 
tu b in g  were sea led  w ith vm terproof adhesive ta p e . The f i l e  mark ‘',r' '* 
was made ju s t  p r io r  to  low ering th e  b o t t le  in to  th e  sea .
Samples of sea-w ater (approxhnabely 100 ml) were taken  ju ;:t o ff  
K’hi'be Bay a t  th e  n o rth  end o f th e  Great Oumbraop in  tho  Clyde Actuary^ 
on 28th  August 1961* Owing to  inclem ent w eather co n d itio n s  only 
e ig h t smapJ-GB were tween; numbers one to  seven were taken  a t  20 - 30 
me ir e s  and number e ig h t from ju s t  below th e  su rface  a t  approxiriiately 
0,3 metres*
On reach in g  th e  su rface  th e  s&mplos were c a re fu l ly  sealed  and 
on a r r iv a l  a t  Glasgow fouc hours l a t e r  they  were immediately p laced  
a t  i t  no tim e during th e i r  t r a n s p o r ta t io n  d id  th e  atm ospheric
tem p era tu re /
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temper a t  w e  surrounding th e  samples r i s e  above 25^0, A fter siocteen 
hours s to rag e  a t  4^0 tho  samples were removed fo r  exam ination and fo r  
t h i s  purpose i t  was decided  to  employ membrane f i l t e r s .  In  th i s  
connection  K ris8(1959) w hile in v e s tig a tin g  th e  m ic ro -f lo ra  o f th e  
Black Sea found membrane f i l t e r s  f a c i l i t a t e d  th e  d e te c tio n  o f y e a s ts  
to  such an ex ten t th a t  t h i s  exam ination techn ique was adopted w ith  
co n s id e rab le  success by him and h is  co-w orkers throughout a l l  sub- 
Î sequent s tu d ie s  of th e  marine y ea s t f lo r a ,  Tho d e te c tio n  of some 
sp ec ie s  antagonism and th e  extreme sm allness o f some y e a s t co lo n ie s  
on th e  f i l t e r s  d id  however somewhat hamper i s o la t io n s  and K riss(1959) 
suggested  th a t  in  view o f th e se  fa c to rs  only a  broad o u tl in e  o f th e  
q u a n t i ta t iv e  d is t r ib u t io n  o f y e a s ts  In  th e  seas could  be in d ic a te d  
by th i s  tech n iq u e . More re c e n tly  F e l l  and van Uden(1961) and 
varA Uden and 0a s te lo -b ra n o o ( 1961 ) a lso  employed 'embrane f i l t e r s  
w hile study ing  sea-w ater y e a s t f lo r a .
In  t h i s  p re se n t study '*Oxoid“ membrane f i l t e r s  « 5 cm, in  diam*, 
Grade AJ.-’ were employed. P r io r  to  use th e se  were In te r le a v e d  w ith  
f i l t e r  pap er, w apped s in g ly  in  g rease-p ro o f p ap er, kept f l a t  w ith  
w eigh ts, and au toclaved  a t  15 lb s /sq u a re  inch  p re ssu re  fo r  f i f t e e n  
m inutes. I t  was found p rev io u s ly  th a t  s t e r i l i s a t i o n  in  s i t u  caused 
th e  membrane to  c u r l  and hence th e  f i l t e r - b o ld e r  was s t e r i l i s e d  
B epara te ly , lo o so ly  assembled and wrapped in  K ra ft paper. The 
s t e r i l e  membrane was in s e r te d  a s o p tic a lly  b efo re  each f i l t r a t i o n .
The/
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The Be a-w ater samples were f i l t e r e d  in  two p o r tio n s  of approx- 
::liiiately 50 ml, each, a f re s h , s t e r i l e  niernbrana being employed fo r  
each f i l t r a t i o n .  The membrane from one f i l t r a t i o n  was p laced  w ith 
th e  e f f lu e n t- s id e  in  co n tac t w ith  s o lid  ’MlYGPS" a t  pH 5*0 con ta ined  in  
p o tr i-d ish o sp  w hile th e  o th e r  was immersed in  10 ml, b ro th s  o f ”MYGPS‘* 
a t  pH 5*0. These c u ltin ‘es were Incubated  a t  25^0 except fo r  th o se  
from sample nujaber two which wore p laced  a t  4^0*
A fter fo u r days on th e  "MIGP8" p la te s  a l l  th e  membranes (except 
th o se  from sample 2) were found to  be covered w ith  b a c te r ia  and y e a s ts  
to  such an e x ten t th a t  no d is t in c t iv e  co lo n ie s  were obvious* S ections 
o f  t h i s  growth were th e re fo re  scraped o f f  and p laced  in  b ro th s  o f 
"MYGPS" a t  pH 5 ,0 . A fter two daySj,examination o f th e se  b ro th s and- 
th o se  co n ta in in g  f i l t e r s  rev e a led  in  e ig h t o f th o  fo u rte en  c u ltu re s  
th e  p resence  o f y e a s ts  and samples from th e se  were imm ediately seeded 
onto p la te s  o f S o lid  "MYGPG" a t  pH 5 ,0 . The rem aining b ro th s  were 
su b cu ltu red  in to  f re sh  "MYGPS" b ro th s  a t  pH 4*0 and 3*5 re sp e c tiv e ..y 
which were th en  examined a t  in te rv a ls  and p la te d  out i f  y e a s t growth 
was ap p aren t. A ll th e  c u l tu re s  ob ta ined  were p u r i f ie d  by r e p la t in g  
and ta k in g  a s in g le  colony fo r  a strealc c u l tu re .
The two f i l t e r s  used fo r  sample two were removed from 4^G aftex’ 
th ro e  weeks and wore found to  co n ta in  growth o f y e a s ts  and b a c te r ia  to  
th e  same e x ten t as th a t  found on th o se  from th e  o th e r samples incubated  
a t /
— 61 ••
a t  25^0 fo r  fo u r days. S ections from tho  inembrajno on th e  p la te  and 
a sample from th e  b ro th  co n ta in in g  tho  membrane were p laced  in  "MYGPS" 
b ro th s  a t  pH 4 ,0  and 3#5 re sp e c tiv o ly  and pure y e a s t c u ltu re s  o b ta in ed  
as b e fo re .
Eleven pure c u ltu re s  o f y ea s t were o b ta in ed  (see  Table 16 ),
TABLE 16
C u ltu res from sea-w ater samples, White Bay, G reat Cumbrae, Clyde 
E stuary , 28th  August 1961t-
SSÏÏElâJa* figEib,
1 20*30 m etres Ho,501
Ho,510, No. 511
N0.504
N o .5 0 2 , N o .503 
No.505, Ho. 506 
No, 507
B approx, 0,3  m etres Ho.503, Ho.509
Again s in g le  co lo n ies  re p re se n tin g  one type  on a p la te  were tak en .
OnJy one type  o f y e a s t colony was found on each p la te  and 'in h ib i t io n  
o f y e a s t growbh may have occurred  due to  th e  la rg e  numbers o f b a c te r ia  
which a lso  developed on th e  f i l t e r s .  I t  i s  suggested th a t  a  lower 
pH e .g .  4*0 and th e  in c lu s io n  o f a n t ib io t ic s  in  pome of th e  i s o la t io n  
media may help  to  exclude b a c te r ia  which a re  met w ith  in  g rea t numbers 
in  e s tu a r in o  r.-nd o ff-sh o re  w ate rs .
Gonele g ion
A ltogether from v ar io u s  yiif-rine p^"-'oes two hu,u-lred and th ix 'ty -  
i^'iYO y-'orrh c u l tu re s  have been c o l le c ted  and of tliese one bur: rod  
and e ig h ty -n in e  were iso  Iated from marine f i s h  during t h i s  survey.
‘hlth each f is l t  sai'üpling exped ition  jjnprovements in  th e  sernpling and 
y ea s t  i s o l a t i o n  methods were r e f l e c t e d  in  th e  in c re as in g  ntmibers of 
p o s i t iv e  samples ob ta ined . The in c lu s io n  of an a n t ib io t i c  mixtm'O -  
(li mg\ auroomycin, 2 mg A chloramphenicol, 2 mg streptom ycin su lphate) 
in  th e  i s o l a t i o n  media was a fu r th e r  improv nent which allowed more 
t,ypes of y e a s t  to  develop as well as p rec lud ing  b a c te r ia l  growth.
I t  must bo borne in  mind however th a t  although th e  ra e t  hods used in  
th is ,  survey have allowed th e  i s o la t io n  of a reasonab le  number of 
y e a s ts  fo r  study .Curthor in v e s t ig a t io n s  employing a wider range of 
media and methods may bo necessary to  ensure th e  i s o l a t i o n  of the  





The c o l le c t io n  has been m aintained  as s tre a k  c u ltu re s  on "MYGPS" 
medium a t pH 5*0 h e ld  a t 4^0 in  one-ounce screw-eap b o t t l e s .  Sub­
c u l tu re s  a re  made every e ig h t to  te n  weeks and only  a few s t r a in s ,  
i . e . ,  sixc, th re e  o f which were o f th e  genus R hodotorula, have f a i l e d  
to  su rv iv e . In  th e  i n i t i a l  s tag es  o f making th e  c o l le c tio n s  i t  was 
o f course  no t known to  what ex ten t th e  organism s would su rv ive  t h i s  
type  o f m aintenance Involv ing  x‘o la t iv e ly  freq u en t su b cu ltu rin g . Hence 
i t  was decided  to  in v e s t ig a te  th e  value o f f re e z e -d ry in g  (lyo p h ilisa tio n ) 
when ap p lied  to  th e se  i s o l a te s .
Freeze-D ry inf?
I n tro d u c tion:
w t i i i  nhw,iHiiiwiui-wtBi IBM m m t u * i i i i i
This techn ique has been used ex ten s iv e ly  fo r  th e  p re se rv a tio n  o f 
b a c te r ia  and moulds but in  view of th e  r e l a t iv e l y  scau t in fo rm ation  
reg a rd in g  i t s  u se  fo r  y e a s ts ,  fre eze -d ry in g  i s  used mainly as an 
a n c i l la ry  method fo r  p re se rv a tio n  of tho  l a t t e r  organism s by most 
w orkers. IV eeze-driod  y e a s t c u ltu re s  have been found to  rem ain v ia b le  
fo r  co n s id e rab le  le n g th s  of tim e, e .g . ,  Haynes e t  a l .  (1955) re p o rte d  
th a t  many o f th e  s ix  thousand y e a s t s t r a in s  in  th e  c o l le c t io n  o f th e  
N orthern R egional Research Laboratory a t  P eo ria  which had been f re e z e -  
d r ie d /
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f re e z e -d r  le d  were s t i l l  v ia b le  gifter te n  y e a r s ’ s to ra g e .
Only a few o th e r r e p o r ts  concerning th e  fre e z e -d ry in g  o f y e a s ts  
a re  a v a ila b le . Wickerhm: and Andreason (1942) found 95 *1/  ^ o f th e
th re e  hundred and e ig h ty -fo u r  y e a s t c u ltu re s  f re e z e -d r ie d  by them were 
s t i l l  v ia b le  a f t e r  tw elve months, whereas on].y 80% o f th e  same c u ltu re s  
m ain ta ined  as s ta b  c u ltu re s  surv ived  over t h i s  p e r io d . Kirsop (1955) 
f re e z e -d r ie d  e ig h ty - th re e  s t r a in s  o f y e a s t re p re se n tin g  tw elve 
d i f f e r e n t  genera and only two o f th e se , a s t r a i n  of Candida and a 
s t r a i n  o f Brettanyomyce s , f a i l e d  to  su rv ive  a f te r  n ine months. Many 
o f th e  o th e r  s t r a in s ,  however, no tab ly  th o se  o f th e  genus Saccharomyoes, 
ex h ib ite d  a very low percen tage v ia b i l i t y ,  i . e . ,  below 1 . 0 a f t e r  n ine 
months* s to ra g e . A tkin e t  a l .  (1949) a lso  found a low p ercen tage  
v i a b i l i t y  a f t e r  f re e z e -d ry in g  c e l l s  o f Saccharomyces c e re v is ia e , only 
0 .2 /  o f th e  c e l l s  o f th e  o r ig in a l  suspension rem aining  a l iv e .
Method:
The method o f fre ez e -d ry in g  adopted fo r  t h i s  t e s t  was th a t  which 
has been developed fo r  ro u tin e  use  in  t h i s  la b o ra to ry  fo r  b a c te r ia .
A d i f f e r e n t  f re e z e -d ry in g  f lu id  was, however, employed fo r  th e  y e a s ts  
which com prised one p a r t  "I5YGP" co n ta in in g  3 0 /  g lucose ( f i l t e r -  
s t e r i l i s e d )  and th re e  p a r ts  s t e r i l e  horse-seriM . The in c lu s io n  of 
g lucose in  th e  fre eze -d ry in g  f lu id  has been found to  reduce  c e l l  
m o r ta l i ty  and Fry and Greaves (1951), working w ith  b a c te r ia ,  suggested  
th a t  t h i s  may be due to  some re g u la tio n  o f  th e  f i n a l  m oistu re  co n ten t 
o f  th e  c u l tu re s  by th e  g lucose. The horse-serum  i s  used here as a  
p r o te c t iv e /
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p ro te c t iv e  c o l lo id .
Brady (1959) noted th a t  m ature c u ltu re s  a re  b e t te r  ab le  to  su rv iv e  
f re e z e -d ry in g  th an  young ones. A ccordingly, th e  in o cu la  were taken  
from fo r ty -e ig h t-h o u r  c u l tu re s  grown on "iîYGP" s lo p es by adding 2 .0  ml 
o f  th e  fre e z e -d ry in g  f lu id ,  mixing thoroughly  and t r a n s f e r r in g  0.25 ml 
suspension  to  th e  bottom o f s.ioc ap p ro p ria te ly  la b e l le d  s t e r i l e  tu b es  
(approxim ately  10 cm long and 0.5 cm in  d iam eter) covered by l i n t  hoods, 
The tubes and th e i r  co n ten ts  were th en  su b jec te d  to  th e  prbnary dry ing  
p ro cess  by c e n tr ifu g in g  f iv e  m inutes under vacuum; con ta ined  in
se p a ra te  t r a y s  was used as a dry ing  agen t. A fter c e n tr ifu g a tio n  th e  
c u l tu re s  were r e ta in e d  in  th e  c e n tr ifu g e  c a r r i e r  under vacuum u n t i l  
th e  p re ssu re  reached  9~1C^ o f m ercury. The a i r  o u t le t  valve was th en  
opened, th e  vacuum-pump stopped and th e  tu b es  removed. The l i n t  hoods 
were th en  rep la ced  a s e p t ic a l ly  by s t e r i l e  cottonw ool p lugs which were 
p laced  w ell down th e  tu b e s , a  few c r y s ta ls  o f f re s h ly  heated  in d ic a to r  
s i l i c a  g e l (b lue) added and th e  tubes c o n s tr ic te d  in  a flame to  produce 
a  narrow neck ju s t  above th e  s i l i c a  g e l.
The tu b es  were th en  p laced  on a m anifold  a tta c h e d  to  th e  
c e n tr ifu g e -c a iT ie r  in s id e  which was a  tr(%r co n ta in in g  A
vacuum, eq u iv a len t to  1 (^  o f mercury, was produced and m aintained fo r  
approxjjnately s ix te e n  hours when th e  tubes were removed by s e a lin g  in  
a  flam e w hile s t i l l  under vacuum.
V ia b i l i ty  coun ts:
V
A m odified  v e rs io n  o f th e  count d esc rib ed  by M iles and M isra 
(1938) was used to  determ ine th e  v ia b i l i t y  o f th e  c u ltu re s  imm ediately 
b e fo re  and a f t e r  freeze^d ry in g  and again  approxim ately two y ea rs  l a t e r ,  
For th e  i n i t i a l  count a o n e - in - te n  d i lu t io n  in  R inger*s f lu id  was made 
w ith  0*25 ml o f th e  suspension in  f re e z e -d r ie d  f lu id .  F u rth e r s e r i a l  
d i lu t io n s  o n e - in - te n  were p rep ared  and 0*02 ml o f  each d i lu t io n  were 
p laced  in  f iv e  d i f f e r e n t  s i t e s  on p la te s  co n ta in in g  “MOpn medium 
which had boon d r ie d  to  p reven t th e  ch'ops sp read in g . A fter about 
f o r ty - e ig h t  hours counts o f th e  average number o f co lo n ies  p er sp o t, 
developed on a  p la te  from a c e r ta in  d i lu t io n ,  were made and th e  number 
o f  c e l l s  p re se n t in  th e  o rig in s], suspension calcu3.ated. Counts were 
made o f th e  f re e z e -d r ie d  c u ltu re s  in  a s im ila r  fa sh io n  by r e c o n s t i -  
î.tu tin g  th e  co n ten ts  w ith  R inger*s f lu id  to  a  volume o f 2*5 ml from 
which o n e - in - te n  d i lu t io n s  were made, as b e fo re .
F ourteen  s t r a in s  wore used fo r  th e  t e s t  as in d ic a te d  in  Table 17. 
The c o l le c t io n  o f th e se  s t r a in s  has been d esc rib ed  in  th e  p rev ious 
s e c tio n  under th e  heading "M iscellaneous"*
R esu lts?
The p ercen tag e  v ia b i l i t y  o f each y e a s t s t r a in ,  two days and two 
y e a rs  a f t e r  f re e z e -d ry in g  i s  given in  Table 17. I t can be seen th a t
th e re  i s  co n s id e rab le  i n i t i a l  lo s s  o f v i a b i l i t y ; th e  average f ig u re  
fo r  th e  v i a b i l i t y  o f  a l l  th e  s t r a in s  two days a f t e r  fre eze -d ry in g  
was 52 .6^. This i s  a co n sid erab ly  h igher average f ig u re  th an  th a t  
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o b ta in ed  by K ir sop (1955), l i e . ,  8 .6>, • However, i t  should be noted 
th a t  she in c lu d ed  in  her in v e s tig a tio n  many s tr a in s  o f th e  genus 
Saccharomyces which proved very s e n s i t iv e  to  th e  f re ez e -d ry in g  p ro ce ss . 
On th e  o th e r  hand, she found th a t  s t r a in s  o f th e  genera Debaryomyces, 
Shizosaccharom yees, Torulops i s .  Candida and R hodotorula surv ived  in  
th e  g i'eat e s t  numbers, th e  average percen tage v i a b i l i t y  o f each genus 
being  -  A2.5, 2 7 .3 , 16 .2 , 10.6  and 10 .1 , r e s p e c tiv e ly . These f ig u re s  
o b ta in ed  by K irsop (1955) a re  somewhat lower th a n  th o se  ob ta in ed  in  
th e  p re se n t t e s t ,  I . e . ,  OebasgffiffigM  -• 62 .3?; g jiodo to ru la  -  59.8^, 
Candida ~ T o ru lo p sis  -  25.0fi. Brady (1959) a lso  found s t r a in s
o f £2E«i2ESiS> Ogfeszgay-ggg» gaM 4da and R hodotorula to  be amongst 
th e  genera b e s t capable o f  su rv iv in g  freeze™ drying.
A fter two y ea rs  • s to rag e  th e  average, percen tag e  v i a b i l i t y  dropped 
by a fw b h e r  q u a r te r  to  25.9%* Kirsop (1955) a lso  noted a le s s e r  
drop in  v i a b i l i t y  during  a s to rag e  p e rio d  o f n ine  months than  th a t  
incu ri'ed  i n i t i a l l y  as a  r e s u l t  o f f re e z e -d ry in g .
Conclusion:
The s a t i s f a c to ry  f ig u re s  in  terms o f s u rv iv a l o f th e  c e l l s ,  
except fo r  th e  two s t r a in s  L ight I  and L ight I I ,  in d ic a te  th a t  f re e z e -  
d ry ing  i s  p o te n t ia l ly  a  u se fu l method fo r  p re se rv a tio n  o f th e se  s t r a in s  
o f m arine o r ig in .  I t  should be borne in  mind, however, th a t  some 
workers have re p o rte d  changes in  morphology and physiology of f re e z e -  
d r ie d  y e a s t cultur*es. Atkin e t a l .  (1949), f o r  example, found 
f r e e z e -d r ie d /
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f ro e z e -d r ie d  oaccharomyces o e re v is ia e  c e l l s  to  be more exacting  in  
t h e i r  v itam in  requ irem en ts, whereas Kirsop (1955) found evidence to  
th e  c o n tra ry  w ith  her s t r a in s  which w ere found to  be le s s  exacting  
in  t h i s  r e s p e c t .  She ai-so found no o th e r p liy s io lo g io a l or morpho- 
; logica3. changes in  th e  c u l tu re s , but Gubramaniam and P rah lada Rao 
(1951) have re p o r te d  some changes in  g ia n t c e l l  c h a r a c te r i s t ic s  of 
f re e z e -d r ie d  c u l tu re s ,  Haynes e t  a l .  (1955) s t a t e  th a t  they  found 
no change produced by fre e z e -d ry in g  in  th e  major c l a s s i f i c a t i o n  
c h a r a c te r i s t ic s  o f th e  y e a s ts  in  th e i r  c o l le c t io n  and they  consider 
th a t  t h i s  method of p re se rv a tio n  may allow  th e  y e a s ts  to  r e t a in  th o se  
p ro p e r t ie s  which sometimes prove u n s ta b le  on pro longed c u l t iv a t io n .
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In tro d u c tio n
frwMr w j  r t r W c n a
Probably th e  most comprehensive and r e a d i ly  a v a ila b le  c l a s s i f i -  
;c a tio n , encompassing both  sporing  and non-sporing  y e a s ts ,  i s  th a t  of 
Lodder and Kroger-van R ij (1952) which evolved from th e  work of th e  
D elft schoo l, i . e . ,  S te lling -D ekker (1931), Lodder (1934), Diddens 
and Lodder (1942), under th e  in flu en ce  o f K luyver. This system i s ,  
however, e s s e n t ia l ly  a p r a c t ic a l  one and th e re fo r e ,  as i s  to  be 
expected , c e r ta in  anom alies have been found to  e x is t  (B arn e tt, I960; 
S an ta -m aria , I960; K reger-van R i j ,  1962), o f te n  making id e n t i f ic a t io n  
of f re s h  i s o la te s  or d e s ig n a tio n  of new sp ec ie s  and v a r ie t i e s  d i f f i c u l t
Methods fo r  th e  ev o lu tio n  of a more g e n e tic a l ly  based c l a s s i f i c a -  
: t io n  system in  which th e  im portance a tta c h e d  to  m orphological c r i t e r i a  
i s  reduced in  favour of th e  biochem ical were proposed by V/ickerham
(1951)* In  a comprehensive study of th e  genus Hansenula employing 
more numerous and ex ten siv e  biochem ical t e s t s  than  Lodder and K regor- 
!van Ri;](1952), a p o ss ib le  phy logenetic  r e la t io n s h ip  amongst th e  d i f f e -  
î r e n t  sp ec ies  was in d ic a te d . A monograph d e a lin g  w ith  y ea s t taxonomy 
p repared  by K udriavtzev(1954) i s  a s im ila r  a ttem p t to  make a more n a tu - 
: r a l  c l a s s i f i c a t i o n  system in  which n u t r i t io n a l  behaviour i s  considered  
more v a lu ab le  than  m orphological appearance. At th e  tim e of under- 
s tak in g  t h i s  in v e s t ig a t io n , however, t h i s  monograph was a v a ila b le  only 
in  R ussian and had rece iv ed  bu t scant a t te n t io n  in  many co u n trie s  «
%solt (1959) advocated a broader approach to  y e a s t taxonomy based on 
phylogeny re q u ir in g  th e  i s o la t io n  of many new s t r a in s  and com parative 
s tu d ie s /
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s tu d ie s  o f th e se  w ith  o ld e r c u ltu re s  in  o rd er to  d e te c t th e  manner 
in  which th e i r  ind iv idual, c h a r a c te r i s t ic s  have come in to  e x is ten c e , 
p a r t i c u la r ly  th o se  concerning  th e  fe rm en ta tio n  and a s s im ila tio n  o f a 
la rg e  number o f carbon compounds* A new system proposed by Movalc and 
E so lt (1961) although embodying a la rg e  number o f  w e ll-d e fin ed  
c a te g o r ie s  which might f a c i l i t a t e  th e  c l a s s i f i c a t i o n  of new genera 
and sp e c ie s  i s  s t i l l  a somewhat r ig id  system la c k in g  phy logenetic  
b a s is .
B a rn e tt ( I 96O) proposed th a t  y e a s ts  could  be c l a s s i f i e d  m ainly 
on b iochem ical t e s t s  to  re v e a l th e  presence o r absence o f p a r t ic u la r  
s in g le  enzymes. T his p ro p o sa l, however, was s tro n g ly  opposed by 
R oberts and Thorne (I960) who p o in ted  out th a t  a c l a s s i f i c a t i o n  of 
t h i s  n a tu re  ign o rin g  such fe a tu re s  as morphology, spore-form ing 
a b i l i t y  or a l te rn a tio n  of g en e ra tio n s  i s  m erely ca ta lo g u in g  and, w hile 
i t  may be extrem ely u se fu l in  improving knowledge of th e  biochem ical 
p o t e n t i a l i t i e s  o f many k inds of y e a s ts ,  th e  prim ary  concern o f any 
m ic ro b ia l c l a s s i f i c a t i o n  should be an a ttem pt to  dem onstrate natural- 
r e la t io n s h ip s  of th e  organism s involved . These l a t t e r  workers 
b e lie v e  th a t  th e  Dutch c l a s s i f i c a t i o n  system w il l  not be superseded 
in  th e  fu tu re  but r a th e r  re v is e d  on a more g en e tic  ad. b a s is , encompassing 
some a l te r n a t iv e  views o f y e a s t c l a s s i f i c a t i o n  such as th o se  c i te d  
above and co n ta in in g  in  a d d itio n  more d e t a i l s  o f sexual p ro cesses , 
o f l i f e  c y c le s , o f com parative cy to logy , o f m orphological responses 
to  changing environm ental co n d itio n s  and o f natu ra l, h a b i ta ts  and 
d i s t r ib u t io n /
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d is t r ib u t io n  as w ell as o f biochem ical a c t i v i t i e s .
In  a re c e n t paper Kregor-van R ij (1962) has emphasised th e  
im portan t p a r t  p layed  by biochem ical c r i t e r i a  in  y e a s t taxonomy and 
s ta te s  th a t  a study o f more p ro p e r tie s  and s t r a in s  le ad s  to  an improved 
knowledge o f v a lu a tio n  and p ro p e r tie s  w ith in  one sp ec ie s . She 
su g g es ts , hovjever, th a t  th e  value o f biochemical, c r i t e r i a  alone fo r  
c h a ra c te r is in g  h igher ta z a , i . e . ,  genera, i s  s t i l l  a m a tte r fo r  
d isc u ss io n  and p o in ts  out th a t  th e  c l a s s i f i c a t i o n  o f asporogenous 
y e a s ts  pu t forw ard in  th e  Dutch system which u ses biochem ical c r i t e r i a  
w ithou t th e  guidance o f im portant m orphological c h a r a c te r i s t ic s  i s  not 
s a t i s f a c to r y  as a n a tu ra l system.
B earing th e  above c o n s id e ra tio n s  in  mind, i t  was decided to  use 
th e  system of c l a s s i f i c a t i o n  proposed by Lodder and K reger-van R ij
( 1952) because o f i t s  wide genera l accep tance. l i i r th e r  t e s t s ,  most 
o f which v e r e  suggested  by Hickerhain (1951)? have a lso  been c a r r ie d  
out in  o rd er to  p rov ide more in fo rm ation  which not only could be o f 
iïîjmodiate use  in  re v e a lin g  th e  p o t e n t i a l i t i e s  o f  in d iv id u a l s t r a in s  
and show any v a r ia t io n  w ith in  each species grotip, but could a lso  help  
in  p la c in g  th e  s t r a in s  in  fu tu re  c l a s s i f i c a t i o n  systems, which might 
re q u ire  a  wide knowledge o f th e  yeasts*  v a rio u s  c h a r a c te r i s t ic s  al-ong 
th e  l in e s  in d ic a te d  by R oberts and Thorne ( i 960) .  The methods used 
fo r  th e se  l a t t e r  t e s t s  and th e  r e s u l t s  ob ta in ed  from them w il l  be 
d iscu ssed  under th e  s e c tio n  "Supplementary T e s ts " .
Methods
Some/
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Some s l ig h t  m o d ifica tio n s  o f th e  tech n iq u es and m ateriaJ-s employe i  
by Lodder and K reger-van R ij (1952) have been made in  t h i s  study and 
th e se  w il l  now be d isc u sse d r-
Y east C e ll Measurements:
Ciell dim ensions ob ta in ed  by standard  procedures have been found 
to  be a s ta b le  c h a r a c te r i s t ic  of y ea s t s t r a in s  (M orris, p e rso n a l 
communication) and i s ,  th e re fo re , an m p o r ta n t c r i t e r io n  in  y e a s t 
c l a s s i f i c a t i o n .  The methods adopted in  t h i s  study a re  m odelled on 
th o se  of Lodder and K reger-van R ij (1952) who measured a t l e a s t  Wenty 
c e l l s  from tw o-to-thi*ee-days o ld  m alt wort and m alt agor c u l tu re s  
incubated  a t  25^0 , In  t h i s  study c e l l s  were tak en  from tliree-days* 
o ld  c u l tu re s  gi'own in  th e  l a t t e r  media a t  25^0 and employing a 
p ro je c t io n  m icroscope a sca led  ajnage o f th e  c e l l s  ( x  2,000) was thrown 
onto a  sc reen . One hundred c e l l s  were th en  tr a c e d  and afterw ards 
t h e i r  average dimensions and range of c e l l  s iz e  determ ined. These 
v a lu es  fo r  each s t r a i n  a re  given in  th e  Appondiic,
In  t h e i r  monogi*aph Lodder and Kroger™vaai R ij (1952) g ive th e  
v a lu e  o f th e  sm a lle s t and 1 largest c e l l s  observed in  a  1 ignited f i e ld .  
Such in fo rm ation  gives no in d ic a t io n  of how th e  dimensions of th e  
o th e r c e l l s  f a l l  between th e se  l im i t s .  In  c a lc u la t in g  th e  average 
dim ensions o f a  r e l a t iv e ly  la rg e  number o f c e l l s  i t  was hoped to  o b ta in  
a  v a lu e  which i s  le s s  in flu en ced  by b io lo g ic a l v a r ia t io n  and choice of 
f i e l d  and hence might prove a more u se fu l c r i t e r i o n  fo r  c la s s ic a t io n
p u rp o s e s ./
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purposes.
I t  i s  obvious th a t  t h i s  method i s  te d io u s  and la b o rio u s , e sp e c ia lly  
when la rg e  numbers o f cultiu^es a re  being s tu d ie d  co n cu rren tly . The 
use o f an e le c tro n ic  p a r t i c l e  counter was, th e re fo re , considered  in  
t h i s  connection . Such instrum en ts have been used su c c e s s fu lly  fo r  
ro u tin e  s iz e  measurements of sm all c a l l s  such as b a c te r ia  and spores 
(K ubitschek, 1958). U nfo rtuna te ly  a few experim ents c a r r ie d  out in  
t h i s  la b o ra to ry  in d ic a te d  th a t  t h i s  method can only es tim a te  th e  
volimiG o f  th e  c e l l s  and g ives no in d ic a t io n  o f t h e i r  shape.
)re Form ation:
Itceept in  th e  case  o f c e r ta in  Saccharorayces sp ec ies  th e  f a c to rs  
governing spore fo rm ation  in  y e a s ts  a re  l i t t l e  known. However, i t  
i s  coïïimoaly b e liev ed  th a t  y e a s ts  should be cu3 .tivated  in  a  f u l ly  
nu tric-n t medium, i . e . ,  p re sp o ru la tio n  mediuja, p r io r  to  tra n s fe re n c e  
to  th e  spo re-inducing  media. Accordingly, a l l  th e  s t r a in s  under 
in v e s t ig a t io n  were f i r s t  grown in  78 b ro th  (Wiokerham e t a l ,  1946) 
fo r  th re e  days a t  25^0 on two successive o ccasio n s.
The f a c t  th a t  c e r ta in  y e a s ts  appear to  respond d if f e r e n t ly  on 
v a r io u s  sp o ru la tio n  media and th e  lack  of understand ing  of t h i s  
phenomenon made i t  necessary  to  employ a wide range o f media such as 
Goradl^owals agar, Glue ose- sodium a c e ta te  agar (Adams, 1950), cement 
b locks (H a rte liu s  and D itlev so n , 1953), c a r ro t  and p o ta to  p lu g s, 
McKelvey’s /
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McKelvey*S c a r ro t  in fu s io n  mediun and V8 agai*«
Ab m entioned by Lodder and Kreger™van Rij. (1952) lo s s  o f spore™ 
form ing a b i l i t y  in  y ea s t s t r a in s  can r e s u l t  from a p e rio d  o f la b o ra to ry  
c u l t iv a t io n  and th e re fo re  in  t h i s  study ca re  was taken  to  s e t  up 
c u l tu re s  fo r  th e  dem onstration  of spores as soon as p o s s ib le  a f te r  pure 
c u l tu re s  were obtained*
A ssb riila tio n  T ests  ;
I n i t i a l l y  th e se  t e s t s  were made u sing  c e l l s  from a tixree-day o ld  
s tre a k  cu ltm re on "rPfGP" agar grown a t  25^^ vh lch  were washed tw ice 
a s o p t ic a l ly  w ith  s t e r i l e  d i s t i l l e d  w ater u s in g  c e n tr ifu g a tio n . The 
r e s u l t in g  c e l l  suspension was then  d iv ided  in  two, h a lf  being p laced  
in  ano ther s t e r i l e  b o t t l e  and a f te r  a fu r th e r  c e n tr ifu g a tio n  o f th e  
two suspensions, th e  su p ern a tan t being poured o f f  a se p tic  a l ly ,  f iv e  
ml s t e r i l e  blank n i t r a t e  a s s im ila tio n  medium (Lodder and K reger-van 
R i j ,  1952) was added to  one b o t t l e  and f iv e  ml s t e r i l e  b lank carbon 
a ss ib n ila tio n  medimi to  th e  o th e r . Both b o t t l e s  and their co n ten ts  
were th en  incubated  a t  25^0 fo r  two da^ -^s. Such a p e rio d  of 
" s ta rv a tio n "  on blank media p r io r  to  t e s t in g  as s .m il a t  ion  re a c tio n s  
was recommended by B arn e tt and Ingram (1955) as a means o f exhausting  
ajiy in t r a - c e l lu l a i ' s to re s  of carbon or n itro g en  capable of being 
u t i l i s e d  by th e  c e l l s  and th u s in te r f e r in g  w ith  th e  t e s t s .  L iquid 
c u l tu re s  were th en  in o c u la ted  from th e  ap p ro p ria te  " s ta rv a tio n "  
c u l tu re .
L a te r /
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L a te rÿ in  view of th e  la rg e  number of y e a s t s t r a in s  to  be te s te d  
i t  was decided to  use auxano^p?aphic methods employing th e  r e p l ic a  
p la t in g  techn ique fo r  th e  sugar t e s t s .  R ep lica  p la t in g  was developed 
by Ledorberg and Lederberg (1952) fo r  th e  d e te c t io n  of biochem ical 
m utants in  b a c te r ia  and was subsequently  ap p lied  successfu 'U y in  th e  
study of carbon a s s im ila tio n s  by y e a s ts  by f h i f r in e  e t  a l . (1954)* In 
t h i s  study a m u lt i- in o c u lâ tor s in i l a r  to  th e  one describ ed  by Beech, e t 
a l , (1955) was employed in s te a d  of th e  v e lv e teen  block of th e  former 
w orkers, th u s d ispensing  w ith  an i n i t i a l  in o c u la tio n  p la te  and th e  
r i s k  of n u tr ie n t  ca rry -o v e r .
A lo o p fu l of the  two-day stai'ved  c e l l  suspension  in  blank carbon 
a s s in i l a t io n  medium was p laced  in  a b o t t l e  co n ta in in g  f iv e  ml s t e r i l e  
w ater, a n d ,a f te r  shaking,one ml of t h i s  d i lu t e  suspension was t r a n s -  
i f e r re d  a s e p t ic a l ly  to  a sm all s t e r i l e  tube  (3»5 cm long and 0 ,8  cm in  
d iam eter) which was ; laced  in  p o s it io n  in  th e  tu b e -h o ld e r and covered 
by a s t e r i l e  m etal p e t r i -  lish  l i d .  A maximum of tw en ty -th ree  such 
tu b es  can be accommodated in  th e  h o ld e r, hhen a l l  th e  tubes co n ta in -  
îin g  in o cu la  vrore in  p o s i t io n  th e  lid -o v e r  th e  tu b es was removed and 
th e  s t e r i l e  in o c u lâ tor p laced  in  p o s it io n  in  th e  tu b e-h o ld e r long 
enough only to  allow  i t s  m etal prongs to  dip in to  th e  y e a s t euspccsions, 
The inocuJ.at.or was then  t r a n s fe r r e d  to  th e  p la te -h o ld o r  where th e  m otal 
prongs cohered w ith  in o cu la  were allowed to  impinge l ig h t ly  on th e  
su rface  of a t e s t  medium held  in  p t r i - d i s h .  The inoculatoi* was 
th en  removed from th e  p la te -h o ld e r , th e  l i d  of th e  p la te  rep laced  and 
a n o th e r /
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ano ther p la te  pu t in  p o s i t io n . A range o f t e s t  media was th u s  
in o c u la ted , working as qu ick ly  as p o ss ib le  to  avoid a e r ia l  contam ination. 
D ripping during  in o c u la tio n s  was lessen ed  by th e  in c lu s io n  o f one drop 
o f a s t e r i l e  so lu t io n  of Tween 80 (1.0%) in  th e  d i lu te  y e a s t suspension 
used fo r  th e  inoculrmi.
The t e s t  medim  on each p la te  c o n s is te d  of 13.5 ml b a sa l carbon 
a s s im ila tio n  medium (Lodder and K reger-van R i j ,  1952) co n ta in in g  washed 
agar mixed w ith  1,5 ml of a f i l t e r  s t e r i l i s e d  10% w/v so lu tio n  of a 
s in g le  sugar (g lucose , m altose , g a lac to se , la c to s e  or sucrose) and two 
drops of a co n cen tra ted  v itam in  so lu tio n  (Lodder and K reger-van R ij ,
1952) a lso  p rev io u s ly  s t e r i l i s e d  by f i l t r a t i o n ,  A blank p la te  
co n ta in in g  another 1,5 ml b a sa l carbon a s s ir /iila tio n  medium in s te a d  of 
sugar so lu tio n  was a lso  p repared .
A fter in o c u la tio n  the p la te s  were held  a t  25^0 and th e  r e s u l t s  
read  a f te r  th re e  days and one week, A few y e a s ts  vrere found to  grow 
r a th e r  poorly  on th e se  p ia to s  and th e i r  growth was in c reased  by u sing  
more co n cen tra ted  in o cu la , Genera3J-y however, good, c le a r  r e s u l t s  
were ob ta in ed  u sin g  t h i s  method. In te r a c t io n  between co lo n ies  
growing on sucrose p la te s  due to  th e  d if fu s io n  o f hexose sugars a f te r  
sucrose  h y d ro ly s is  was re p o rte d  by S h ifr in e  e t  a l  (1954) but no such 
in te r a c t io n  was found in  t h i s  p re se n t study . The absence of th e  
l a t t e r  phenomenon was in fe r re d  from th e  f a c t  th a t  no m atte r what 
com bination of y e a s t s t r a in s  was inc luded  on each t e s t  p la te ,  
r  epr oduc c a b le /
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reproducaablG  r e s u l t s  were ob ta ined  fo r  each y e a s t.
S p l i t t in g  o f ai'butin?
T his t e s t  was c a r r ie d  out according to  th e  methods o f fodder 
and K roger-van R ij (1952), I n i t i a l l y  a rb u tin  ob ta in ed  from L,
L ight & Gompaï^ was employed. By th e  use o f known p o s i t iv e  s t r a in s  
i t  was found th a t  t h i s  corapomid produced a i’a t  her in s e n s i t iv e  medium. 
A r e p e t i t io n  of th e  t e s t s  u sing  3.D.H* o rb u tin  produced an a lto g e th e r  
more s e n s i t iv e  medium as in d ic a te d  by th e  s tro n g e r  p o s i t iv e s  produced 
and th e  d e te c t io n  o f hyd i'o lysis by s t r a i n s ,  Oog., T oru lopsis  
inconsp icua  (yar)? which appeared n eg a tiv e  on th e  former modium.
R esu lts
In  th e  Append:bc a l l  th e  s t r a in s  com prising each sp ec ie s  a re  
l i s t e d ,  as a re  gi'oupings o f s t r a in s  w ith in  th e  sp ec ies  which have 
been made according to  th e  v ario u s r e s u l t s  ob ta in ed  in  th e  ro u tin e  
and supplem entary t e s t s  (see  page 9 9 ) . D iffe ren ces  between th e  
s t r a in s  in  each sp ec ies  group and th a t  o f th e  ty p e  sp ec ies  a re  a lso  
in d ic a te d .
a) DebowcOTces k lo e c k e r i:
The n in e ty -e ig h t i s o la te s  given th i s  d e s ig n a tio n  resem bled 
c lo s e ly  th e  d e s c r ip tio n  o f th e  type sp e c ie s . Appx-oxlmately 65% of 
th e se  i s o la te s  wei'e ab le  to  ferm ent glucose and sucrose (weakly) or 
g lucose only ( in  some cases  weakly) and th e  r e s t  were u n ferm en ta tiv e . 
V a r ia tio n  m ongst th e  i s o la te s  was aJ.so observed w ith  reg a rd  to  th e i r  
a b i l i t y /
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a b i l i t y  to  s p l i t  a rb u tin , i , e , ?  a p p ro x lia te ly  9% lacked  t h i s  a b i l i ty  *
Using th e  a b i l i ty  to  form ent su g ar(s) and to  s p l i t  ai^butin as 
c r i t e r i a ,  th e  i s o la te s  can be p laced  in  th re e  d iv is io n s  -  th o se  
p o sse ss in g  both th e se  a b i l i t i e s ,  those  ab le  to  s p l i t  a rb u tin  but 
unab le  to  ferm ent su g a r(s) and th o se  unable to  s p l i t  a rb u tin  or to  
ferm ent sugar ( s ) .  These d iv isions are  su b -d iv id ed  in  th e  Append joe 
accord ing  to  in t'orm ation gained from th e  supplem entary t e s t s .  Thus, 
th e  f i r s t  d iv is io n  com prises Groups 1 to  4; th e  second d iv is io n  
com prises Groups 5 to  7 and th e  th a rd  d iv is io n  com prises Groups S 
and 9»
L i t t l e  d if fe ro n c e  i s  apparent amongst th e  s c a t te r  o f average 
v a lu es  o f  th e  c e l l  dim ensions o f th e  s t r a in s  com prising th e  major 
d iv is io n s  o f t h i s  sp ec ie s  (see  F ig . 5) and i t  seems, th e re fo re , 
th a t  i f  th e se  d iv is io n s  com prise d i f f e r e n t  s t r a i n  ty p es th e  
drlmenslonal va lues show no in d ic a t io n  of i t»  • I t  i s  in te r e s t in g  
to  n o te  th a t  although th e se  measurements show no c o r r e la t io n  w ith  
th e  above grouping th e re  i s  a  c lo se  c o r r e la t io n  o f th e  r a t i o  o f 
th e  dim ensions of th e  long-to<=’sh o rt ax is  f o r  most s t r a in s ,
B) Debaryomyces subglobosuss
The n ine  i s o la te s  g iven  th i s  d e s ig n a tio n  resem bled c lo s e ly  th e  
t^rpe sp e c ie s , except th a t  fo u r wore unable to  ferm ent g lucose. This 
p ro p e rty  i s  ^ c h a r a c te r i s t ic  o f th e  type  sp e c ie s ,
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These four i s o la te s  resem bled c lo se ly  th e  d e s c r ip tio n  o f th e  
ty p e  sp e c ie s , except th a t  two were ab le  to  s p l i t  a rb u tin  weakly.
T his a b i l i t y  i s  not possessed  by th e  type sp e c ie s .
D) T o ru lo p sis  inconsp icua (v a ^  :
The twenty™four i s o la te s  given t h i s  d e s ig n a tio n  d if fe re d  from 
th e  d e s c r ip tio n  o f th e  ty p e  sp ec ies  Toru3epsis.i.ncpnsR icua by t h e i r  
a b i l i t y  to  a s s h n ila te  potassium  n i t r a t e  and th e  f a c t  th a t  many were 
ab le  to  s p l i t  a rb u tin  weakly.
R ecently  se v e ra l new sp ec ies  of T o ru lo p s is , resem bling very 
c lo s e ly  th e se  s t r a in s  from f i s h  have been d esc rib ed , i . e .  T. norwegia 
nov. sp ec ie s  (R e ie rsb l, 1958) from th e  sputum o f a p a t ie n t  su ffe r in g  
from tu b e rc u lo s is ,  T. sac char urn nov. sp ec ie s  (Tabey Shahata, i 960)
from sugar cane washing w ater, T. domercqu i i  nov. sp ec ies (Van der
Walt and Van Kerken, I960) from v a t te d  wine, and T. vanayl i i  nov. 
sp e c ie s  (Van der Walt and Van Kerlcen, 1961) from mould grovrbh on th e  
f lo o r  o f a ro f r ig o ra te d  wine c e l l a r .
A fu r th e r  In d ic a tio n  th a t  th e se  ty p es o f y e a s t are  more common 
th a n  had been p rev io u sly  supposed i s  th e  f a c t  th a t  i s o la t io n s  of 
n i t r a t e  p o s i t iv e  s t r a in s  o f T oru lopsis from processed  p o u ltry  have . 
been re p o r te d  by Walker and (tyres (1959); and Re1 erso l (1958) 
s ta te d  th a t  V/ickerham had in  h is  p o sse ss io n  a few y e a s t s t r a in s  
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The d e s c r ip tio n s  of th e se  new T o ru lo p sis sp ec ie s  to g e th e r  w ith 
th o se  of th e  i s o la te s  c l a s s i f i e d  as T o ru lo p sis  inconsp icua (var) in  
in  t h i s  p re se n t study a re  s e t  out in  Table 18. On comparing th e  
form er s t r a in s  i t  i s  obvious th a t  th e  absence o f any major d if fe re n c e s  
amongst them malcos i t  extrem ely l ik e ly  th a t  they  w il l  ev en tu a lly  be 
grouped in to  one T o ru lo p sis  sp ec ie s , perhaps T. norwegia, but in  view 
o f th e  e x is t in g  taxonoraical confusion  th e  p ro v is io n a l d iag n o sis  o f 
T. inconsp icua  (var) has been made fo r  th e se  f i s h  i s o la te s .
On th e  b a s is  o f or but in  h y d ro ly s is  and glucose fe rm en ta tio n  
th e se  m arine i s o la te s  can be p laced  in  fo u r d iv is io n s  which com prise 
Groups 1; 2 and 3; 4 and 5 and 6 to  9> re s p e c t iv e ly . These a re  
l i s t e d  in  th e  Appendix. No o th e r c h a r a c to r i s t ic s ,  in c lu d in g  th o se  
o f c e l l  measurements, appear sp e c if ic  fo r  ar%r of th e  fou r d iv is io n s .
S evera l sp ec ies  of T o ru lopsis  have boon found to  be hap lo id  
s t r a in s  o f h e te r o th a l l ic  y e a s ts ,  e .g . ,  T. m oliBchiana i s  a h ap lo id  
s t r a i n  of Saoaharomvcos l a c t i s  (V/ickerham and Bui'ton, 1952). I t  
was hence considered  necessary  to  in v e s t ig a te  th e se  inajrine s t r a in s  fo r  
th e  p o s s ib le  e x is ten c e  o f m ating ty p e s . C u ltu re s  in  V8 b ro th  were 
mixed in  b a tches of fo u r and sporing  media in o c u la ted  by p a i r s  o f 
th e se  ba tch es in  every p o s s ib le  com bination so th a t  each s t r a i n  had 
co n tac t w ith  each o th e r . No sporing  was, however, observed in  any 
c u l tu re  during s ix  weeks* in cu b atio n  a t 25^0 and, th e re fo re , th e  
e x is te n c e  of m ating ty p es  in  th e se  s t r a in s  was considered  u n lik e ly .
Jiî) T o ru lo p sis  Candidas
The/
-  84 -
The f iv e  i s o la te s  given th is  d e s ig n a tio n  ro sanb led  c lo se ly  th e  
d e s c r ip t io n  o f th e  type sp ec ie s , excep t th a t  two were unable to  s p l i t  
a rb u tin . Ho m ating ty p es  were found amongst them and t h e i r  average 
c e l l  dim ensions f e l l  w ith in  c lo se  l im i t s  c h a r a c te r i s t ic  o f th e  type  
sp e c ie s .
F ) T or ulop s i  s f  am a t  a i
These f iv e  i s o la te s  resem bled c lo se ly  th e  type  sp e c ie s . Only 
th re e  were ab le  to  ferm ent g lucose and d id  so wedcly® T his a b i l i t y  
to  ferm ent glucose i s  a v a r ia b le  c h a r a c te r i s t ic  o f  th e  ty p e  sp e c ie s .
No m ating ty%30s were found amongst th e  i s o la te s  and th e i r  average c e l l  
dim ensions f e l l  w ith in  c lo se  l im i ts  c h a r a c te r i s t ic  o f  th e  typo sp e c ie s<
G) T o ru lo p sis  p s e u d a r ia ‘ (Z so lt, 1958) î
The d e s c r ip tio n  o f t h i s  new y e a s t opocies is o la te d  from vineyaixl 
s o i l  in  Hungary by :%solt (1958) i s  s e t  out in  th e  Appendix. S tra in s  
43/6 and 402, although given th i s  d e s ig n a tio n , d id  e x h ib it some 
d if fe re n c e s  from th e  a u th en tic  d e s c r ip tio n , i« e . in  c e l l  shape a f te r  
th re e  days* growth a t  25^0 in  m all wort and on m alt wort ag a r; in  
appearance o f growth on th e  l a t t e r  media a f t e r  one month a t  17/20^0 
and in  a s s im ila tio n  of e th an o l. As fo r  th e  o th e r  T o ru lo p sis  sp ec ie s , 
no m ating types were found.
H) Candida p a r w s i lo s i s :
Some i n i t i a l  d i f f i c u l ty  vais experienced in  id e n tify in g  th e  
tv?enty-f ive  i s o la te s  now c l a s s i f i e d  as G. parap s i lo s  i s .  This aro se
from /
from th e  d i f f i c u l ty  of in te rp r e t in g  th e .d e s c r ip t io n s  provided by 
Lodder and K reger-van R ij (1952). That i s ,  accord ing  to  th e  key of 
th e  genus Candida, C» s c o t t i i  should e i th e r  f a i l  to  ferm ent sugar or 
g ive only a weak re a c t io n , whereas th e  d e s c r ip tio n  of t h i s  sp ec ies 
excludes fe rm en ta tio n  of su g ars . Concerning th e se  i s o la te s ,  fermenta™ 
î t io n  was absen t in  approxim ately one™sixth of them and very vreak 
fe rm en ta tio n  of g lucose, and in  some oases of g a la c to se , oceuiTed in  
th e  r e s t .  The morphology of th e  pseudomycelia of th e  v ario u s s t r a in s  
v a ried  between th a t  d escrib ed  fo r  G .p a ra p s ilo s is  and C .s o o t t i i ,  The 
dec id ing  f a c to r s  in  c la s s i fy in g  th e se  i s o la te s  as 0 op a ra p s i lo s is  was 
th e i r  in a b i l i t y  to  assrhn ila te  n i t r a t e  and th e i r  g en e ra l agreement 
m orphologically  w ith  t h i s  type sp ec ie s . Iiov/ever, no g ia n t c e l l s  were 
observed in  th e  pseudom ycelia and th e  s tre a k  c u l tu re s ,  a f t e r  one 
m onth 's growth a t  17 /20^0 ,appeared w hite r a th e r  than  cream -coloured 
to  y e llo w ish . Lightoen of th e  i s o la te s  a lso  d i f f e r e d  from th e  type  
sp ec ies  by being  ab le  to  s p l i t  a rb u tin  and t h i s  p ro p e rty , to g e th e r 
w ith  th e  absence of g ia n t c e l l s  in  th e  pseudom yceliagi s  c h a r a c te r i s t ic  
of Qftpgu*apsi l o s is  v a r . in te rm ed ia , however, t h e i r  a b i l i t y  to  produce 
good growth in  e thano l and th e  absence of a  d u l l ,  th in  p e l l i c l e  in  
m alt wort c u l tu re s  Incubated  fo r  two weeks a t  3.7/20^0 a re  not charac™ 
s t e r i s t i c  of th e  l a t t e r  v a r ie ty  and i t  was decided to  c la s s i fy  them 
as G .p a ra p s i lo s is ,
In  view of th e  f a c t  th a t  se v e ra l s t r a in s  e i th e r  f a i le d  to  show 
any sugar fe rm en ta tio n  or d id  so only weakly i t  i s  of in te r e s t  to  note 
t h a t /
— gb ™
th a t  Roth e t  a l  (1962) found th a t  r e c e n tly  is o la te d  s t r a in s  of t h i s  
sp ec ie s  from deep seas a lso  f a i le d  to  ferm ent su gars. A p e r io d  o f 
growth, however, on an enriched  s u b s tra te  allow ed th e  l a t t e r  s t r a in s  
to  acq u ire  fe rm en ta tiv e  a b i l i t y  which could  be l o s t  ag a in  a f t e r  a 
p e r io d  o f s ta rv a t io n  in  s t e r i l e  w ater. No changes in  o x id a tiv e  
a b i l i t y  were found during  th e se  experim ents and Roth e t  a l  (1962) 
suggested  th a t  th e  fe rm en ta tiv e  ca p ac ity  o f  0 . parap s ilo s iB  d e c lin e s  
in  an environment having a  lower c o n c e n tra tio n  o f o rgan ic compounds 
such as i s  found in  open oceanic w ate rs .
On th e  b a s is  o f  sugar fe rm en ta tio n  and a i 'b u tin  h y d ro ly s is  th e  
i s o la te s  can be p laced  in  s ix  d iv is io n s  which com prise Groups 1; 2;
3 and 4 ; 5 to  151 16 and 17; IB and 19? re s p e c tiv e ly , as in d ic a te d  
in  th e  Appendix* The c e l l  dimensions o f th e  d i f f e r e n t  s t r a in s  
w ith in  each o f th e se  s ix  d iv is io n s  appeared to  vary too  much to  be 
o f any eh a i* ac te r is tic  v a lu e .
Eîceept in  th e i r  sm a lle r c e l l  dim ensions, t h e i r  a b i l i t y  to  form 
w e ll developed pseudom ycelia and th e i r  in a b i l i t y  to  form sp o res , 
th e s e  s t r a in s  a lso  resem ble Metschnikowia s o b e l l i i  (vanUden and 
G aste lo -b ranco , 1961) and th e  p ro b a b il i ty  tlaat th e se  i s o la te s  may 
be h ap lo id  s t r a in s  o f t h i s  sp ec ies  could not be overlooked. Mating 
experim ents were, th e re fo re ,  perform ed as fo r  th e  T o ru lopsis  species, 
A fte r  s ix  weeks ' in cu b a tio n  no c e l l  co n ju g a tio n  o r sporo foxTiiation 
was observed, hence i t  was concluded th a t  no m ating types e x is t  
am ongst/
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ajaongst th e  iso la te s*
l)  Candida l ip o ly t ic a  (v a r ) î
The te n  i s o la te s  given th i s  d es ig n a tio n  d if fe re d  from th e  type 
sp ec ies  G o lip o ly tic a  in  se v e ra l r e s p e c ts ,  th e  c h ie f  of which was 
th e i r  a b i l i t y  to  a s s im ila te  n itra te *  Other d if fe re n c e s  were th e  
absence of t ru e  m ycelia, th e  appearance o f growth in  m alt wort and 
on m alt wort agar a f t e r  one month a t  17/20^0, good growth w ith e th an o l 
as so le  c.arbon source and th e  occurrence o f c y l in d r ic a l  c e l l s ,  ib ta b le  
excep tions in  th e  p o ssess io n  of th e  last-nam ed c h a r a c te r i s t ic  were 
s t r a in s  Her 3 and Her 7.
D iffe ren ces  amongst th e  i s o la te s  in  t h e i r  a b i l i t y  to  s p l i t  
a rb u tin , a v a r ia b le  c h a r a c te r i s t ic  of th e  type sp e c ie s , woi'o observed, 
i . e . ,  two were unable to  s p l i t  a rb u tin , two d id  so s l ig h t ly  and th e  
o th e rs  strongly*  'Although d if fe re n c e s  in  c e l l  dim ensions and morpholo- 
îg ic a l  appearance were apparen t between i s o l a te s  (her 3?For 7) and th e  
o th e rs  i t  i s  in te r e s t in g  to  no te  th e i r  g en e ra l s im i la r i ty ,  bearin g  in  
mind th a t  th e  form er were is o la te d  from s p o il in g  smoked h e rr in g  and 
th e  l a t t e r  from newly caught f i s h  in  th e  North Tea, Mating experi™
:monts w ith  th e se  i s o la te s  f a i l e d  to  dem onstrate any m ating ty p o s.
J  ) 0 andida nevlano ide  s ;
S t r a in  249 resem bled th e  d e sc r ip tio n  o f th e  type  sp ec ies  except 
th a t  a f t e r  th re e  days' grovrbh in  m alt v;o;rt and on m alt wort agar th e  
c o l l s  appeared soniev/hat sm aller and good growth was observed w ith 
e th an o l as th e  so le  source of carbon, ‘’hycocandida ' type 
p seudomyc e l l e /
«a gg -
pseudom ycelia were produced and th e  i s o la te  s p l i t  f a t ,
K) Candida sp ec ies:
The s ix  y e a s ts  ^p:'ouped under th i s  heading m/e those  which have 
th e  c h a r a c te r i s t ic s  o f th e  genus Candida bu t which have been 
d i f f i c u l t  to  a ss ig n  to  d e f in i t e  sp ec ie s .
S t r a in  417s resem bled th e  i s o la te s  c l a s s i f i e d  as G,p a ra p s i l o s i s  
except th a t  i t  was capable of a s s im ila tin g  n i t r a t e .  This l a t t e r  
a b i l i t y  i s  a c h a r a c te r i s t ic  of G * sc o ttii  but th e  i s o la te  was not 
assigned  to  t h i s  sp ec ies  in  view of i t s  much sm aller c e l l  dimensions 
and i t s  in a b i l i t y  to  p ep to n ise  m ilk, an a lk a l in e  re a c tio n  being 
produced in s te a d .
The o th e r f iv e  s t r a in s  a re  f u l ly  d esc rib ed  as a group in  th e  
Appendix and resem ble each o th e r in  every re s p e c t except th a t  o f th e  
p a t te r n  of sugar a s s im ila t io n . However, sugar a s s im ila tio n  i s  an 
im portan t c l a s s i f i c a t i o n  c r i t e r io n  of th e  key to  th e  genus Cand ida  
(Lodder and Kreger«*van R i j ,  1952) and th e re fo re , an attem pt was 
made to  compare th e  i s o la te s  w ith  type sp e c ie s ,
G ,s c o t t i i  i s  th e  only unf element a t  iv e  sp ec ie s  having an ass-ûnila- 
: t i o n  p a t te r n  s im ila r  to  s t r a i n  419H, This sp ec ie s  d i f f e r s  from 
419H, however, in  having la rg e r  c e l l  d im ensions, a p a ie r ie olom^ed 
s tre a k  on mall: wort agar and in a b i l i ty  to  s p l i t  f a t  or liq u e fy  
g e la t in .  C .m e lin ii has most p ro p e r tie s  in  common w ith s t r a i n  42OH, 
421m/
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421m and 424H but d i f f e r s  from them in  i t s  sm alle r c e l l  s iz e ,  paler*» 
co lou red  s tre a k  on m elt wort ag ar, i t s  i n a b i l i t y  to  a s s im ila te  
e th a n o l, s p l i t  f a t  or l iq u e fy  g e la t in  and i t s  a b i l i t y  to  s p l i t  
a rb u tin .  No d e s c r ip tio n s  of Candida sp ec ie s  which a re  unfermenta™ 
f t iv e  and a s s im ila te  only g lucose and su cro se  a re  a v a ila b le  fo r  
com parison w ith  s t r a i n  427s.
The d i f f i c u l t i e s  of comparing th e se  f iv e  i s o la te s  w ith  type  
sp ec ie s  a re  th e re fo re  obvious» In view o f t h i s  and th e  f a c t  th a t  
th e  i s o la te s  a re  of s i i i i l a r  e co lo g ica l o r ig in  and resem ble each o th e r 
c lo s e ly , a p a r t from theisj sugar a s s im ila tio n  p a t te rn s ,  i t  was decided 
to  keep them to g e th e r  as a  group under Qandida sp e c ie s , A system 
based on more phy logenetic  l in e s  might w e ll show th e se  to  belong to  
a  sequence in  a c lo se ly  r e la te d  group*
L) R hodotorula g lu t in i s  var* rubescens:
The f i f t e e n  i s o la te s  given th i s  d e s ig n a tio n  resem bled c lo se ly  
th e  d e s c r ip tio n  o f th e  type  sp ec ie s . Four o f  th e  i s o la te s  were 
unable to  s p l i t  airbutin , a v a r ia b le  c h a r a c te r i s t ic  o f th e  ty p e  sp e c ie s . 
Once ag a in  wide d if fe re n c e s  in  c e l l  dim ensions were observed,
M) Rhodotorula m ucilaginosas
The e ig h t i s o la te s  g iven th i s  d e s ig n a tio n  resem bled c lo s e ly  
th e  d e s c r ip t io n  o f th e  ty p e  sp ec ie s  except s t r a i n  1111, which was 
u n a b le /
unab le  to  e p l i t  a rb u tin . A feu  s t r a in s  e x h ib ite d  only weak gro^jth 
w ith  g a la c to se  and some produced a d e l ic a te  c reep ing  film  on m alt 
w ort a f t e r  one month^s growbh a t  Some d if fe re n c e  was observed
amongst th e  i s o la te s  w ith  reg a rd  to  t h e i r  c e l l  dim ensions,
N) R hodotorula ru b ra ;
The th re e  i s o la te s  given th i s  d e s ig n a tio n  resem bled th e  ty p e  
sp e c ie s  in  most r e s p e c ts .  Notable d if fe re n c e s  were th e  absence of 
p r im it iv e  psoudomycelia? weak a s s im ila tio n  o f g a lac to se  and sm aller 
c e l l  d im ensions•
0) Rhodotorula m inuta:
The s in g le  i s o la te  g iven t h i s  d e s ig n a tio n  resem bled th e  type 
sp e c ie s  except in  th e  appearance o f i t s  growth on m alt uorfc agar 
and in  m alt wort a f t e r  one month a t  1?/20®G, I t s  c e l l s  were a lso  
la rg e r  and more c y l in d r ic a l  th an  th o se  o f th e  type  specieso
p) P ic h ia  membran8.efaciens Î
The two i s o la te s  resem bled c lo se ly  th e  d e s c r ip tio n  of th e  type 
sp e c ie s . Weak fe rm en ta tio n  of g lucose o ccu rred , only one spore p er 
ascus was observed and good growth w ith  e th an o l as so le  carbon source 
was o b ta in ed ,
Q) T richosppron p u llu la n s :
The s in g le  i s o la te  resem bled c lo se ly  th e  type  sp ec ie s  in  every 
r e s p e c t ,
R)/
-» 91
R) T richosppron cutanoujn v a r . multisporurag
The two is o lâ te s  resem bled c lo se ly  th e  a u th e n tic  d e s c r ip tio n  
o f th e  ty p e  v a r ie ty .  Good growbh iras e x h ib ite d  w ith  e thano l as 
so le  carbon source and a rb u tin  was s p l i t  -  bo th  v a r ia b le  char a c t oils- 
s t i e s  o f th e  type v a r ie ty ,
S ) Gryptococcus a lb id u s :
The s in g le  i s o la te  appeared to  resem ble th e  type  sp ec ie s  in  
ovary re s p e c t and could  be p laced  in  Group I  o f  th e  l a t t e r  accord ing  
to  i t s  sm all c e l l  dim ensions. No growth occurred  w ith  e th an o l as 
so lo  carbon source and s p l i t t i n g  of a rb u tin  was wealc -  both v a r ia b le  
chai'actei* 1 s t ic s  o f th e  type  sp ec ie s .
T) O^ptoGocGUS l a u r e n t i i ;
The s in g le  i s o la te  resem bled th e  type  sp ec ie s  c lo se ly  except 
th a t  a f t e r  one month ' s growth a t  17/20^0 no r in g  was formed but a 
th in  c reep in g  film  was p res  o n t. Grovrth occurred  w ith  e th an o l as 
s o le  carbon source and a rb u tin  was s p l i t  -» bo th  v a r ia b le  c h a ra c te r ! -  
Ï s t i e s  o f th e  type  sp e c ie s . Only slow growth was e x h ib ite d  by th i s  
i s o l a t e  a t  25^0 and th u s  d ia g n o stic  t e s t s  were cai*ried ou t a t  room 
tem p era tu re , i . e .  1?/20^C.
U) Gryptococcus d if f lu e n s :
These two I s o la te s  d if fe re d  in  some re s p e c ts  from th e  type 
sp e c ie s . These d if fe re n c e s  were m an ifested  in  th e  appearance o f 
th e  c u l tu re  a f t e r  one month a t  17/20^0 in  m alt wort and in  g a la c to se  
a s s im ila t io n /
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a s s im ila t io n . One i s o l a t e ,  407, a lso  d i f f e r e d  from th e  type  
sp e c ie s  by i t s  a b i l i t y  to  grow w ith e th an o l as so le  carbon sou rce . 
Both i s o la te s  were ab le  to  s p l i t  ax’b u tin  s tro n g ly  -  a  v a r ia b le  
c h a r a c te r i s t i c  of th e  ty p e  sp e c ie s ,
V) Motschnilcowia k r i s s i i ;  (vanUden and O aste lo -b ranco , 1961)
The f iv e  i s o la te s  g iven  t h i s  d e s ig n a tio n  resem bled th o  ty p e  
sp e c ie s  except th a t  th ey  were ab le  to  ferm ent g lucose weakly and 
d id  no t a s s im ila te  e th a n o l, The dim ensions of th e  c e l l s  o f th e  
i s o l a t e s  were on th e  sm all s id e  o f th o se  g iven  fo r  th e  type sp e c ie s .
The spores and a s c i  fox^med on MB agar and c a rro t p lugs resem bled 
th o se  d esc rib ed  fo r  th e  ty p e  sp e c ie s . O bservation  o f th e  c e l l s  of 
i s o l a t e  505 on c a r ro t  p lu g  p r io r  to  spore fo rm ation  re v e a le d  broken 
and empty c e l l s  a tta c h ed  to  c e l l s  which were en la rg in g  to  form th e  
ty p ic a l  club-shaped  a s c i  and dt:*awings were made o f th e se  forms -  
see  F ig , 6 . The l a t t e r  o b se rv a tio n s seem to  suggest th a t  c e l l  
co n ju g a tio n  of some form or ano ther occiurs p r io r  to  spore fo rm ation . 
AttemptSp however, to  produce th o se  forms ag a in  fo r  photographing 
have so fax* f a i l e d .
W) P u l lu la r i a  p u llu la n s :
Three i s o la te s  resem bled th e  type sp e c ie s  (do Bary) Berkhout, 
d e sc rib ed  by Wynne and Gott (1956), both  m orpholog ically  and in  i t s  
a b i l i t y  to  ferm ent su g a rs . Some s l ig h t  d if fe re n c e s  in  th e  
m acroscop ical appearance of grox-rth xmre apparen t between(BYl, BY2) 
and 3.17A| th e  lattex* i s o l a t e  px'oduced somewhat la rg e r  b la s to sp o re s  




c e l l p ro tuberance
-empty c e l l
broken
c e l l \
p ro tuberance
buds
(a) E arly  s tag es
broken c e l l
p ro tuberance
(b) L ate r s tag es
FIGURE 6 S tr a in  505, Metschnikowia k r i s s i l , on c a r ro t  
p lug  p r io r  to  spore fo rm ation .
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th a n  th e  o th e r two. A ll tlire e  i s o la te s  were ab le  to  a s s b n ila te  
th e  f iv e  sugars of Ijodder and Kreger«van K ij (1952) as w ell as 
e th an o lj bu t BYl and BY2 a s s im ila te d  n i t r a t e .  A rbutin  was not s p l i t .  
No chlamydosporos, a ith ro sp o re s  or cladosporium  were observed in  th e  
young c u l tu re s  m ain tained  fo r  th re e  da '^-s a t  25^0 on m alt wort agar 
and in  m alt w ort. Black pigïTient was produced a e ro b ic a lly j a lthough 
somewhat slow ly .
-K ) U n id en tified  s t r a in s  :
1) I s o la te  132: I t  was found very  d i f f i c u l t  to  ass ig n  t h i s
s t r a i n  to  any sp ec ies  d esc rib ed  by Loddor and Ivreger-van R ij (1952) 
and no new sp ec ies  resem bling  th e  i s o l a te  has been d escribed  in  th e  
l i t e r a t u r e .  The i s o l a t e  most n ea rly  resem bled th e  genus P ich ia  
in  view o f i t s  poor fe rm en ta tiv e  a b i l i t y ,  i t s  c e l l  shape, i t s  a b i l i t y  
to  produce pseudom ycelia and i t s  p ro d u c tio n  o f round, smooth«walled 
sp o res , h e ld  in  ova l o r e longated -ova l a s c i  on Ck>radlcowa*s ag a r. 
However, p e l l i c l e  fo rm ation  d id  not occur in  m alt wort and t h i s  i s  
co n sid ered  by most a u th o r i t ie s  to  be an im por'tant taxonom ical 
c h a r a c te r i s t ic  o f th e  genus. I t  must be no ted , however, th a t  
P haff (1956) recommended th a t  s t r a in s  o th e r  th an  th o se  ab le  to  
produce p e l l i c l e s  in  m alt wort should be in c lu d ed  in  P ic h ia *
P ic h ia  fa r in o s a  i s  th e  sp ec ies most c lo s e ly  resem bled by t h i sumiFi'WONMftirahnMsaiwfRmnntraiml.ansunan.liamMMt «v t/ V
s t r a i n  bu t d if fe re n c e s  a re  obvious in  th e  absence of a p e l l i c l e  in  
m alt wort cu ltu re s  of th e  l a t t e r ,  i t s  a b i l i t y  to  a s s im ila te  no t only 
g lu c o se /
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glucose but g a la c to se , m altose and su cro se , and i t s  in a b i l i t y  to  
s p l i t  a rb u tin , even weakly.
2) I s o la te  179s T his i s o la te  was a lso  d i f f i c u l t  to  c l a s s i f y .  
I t s  morphology agreed most c lo se ly  w ith  th a t  o f Debaryomyces or 
Hansenula sp e c ie s , but c e r ta in  f e a tu re s  of i t s  physiology agreed 
w ith  n e i th e r  i . e .  no sp ec ie s  o f Uebaryomyces can a s s im ila te  n i t r a t e  
and a l l  sp ec ie s  o f Hansenula ferm ent su g a rs . However i t s  produ- 
îc t io n  o f round, th ic k -w a lle d , somewhat w arty spores w ith  c e n tr a l  
o i l - d r o p le t s  con ta ined  (1 to  U) in  round a s c i  on Goradkowa^s agar 
seemed ty p ic a l  of Debaryomyces and i t  was decided  to  p la ce  th e  
i s o l a t e  p ro v is io n a lly  as an unamed new sp ec ie s  o f  Debaryomyces.
Conclusion
Two hundred and th i r t e e n  o f th e  two hundred and th irty ™ fiv e  
i s o l a t e s  s tu d ie d  were from newly caught f i s h  and have been assig n ed  
to  th e  genera and sp ec ie s  in d ic a te d  in  T able 19*
During th e  course o f th e  above tæconomioal stuc3y o th e r yea.st 
i s o la te s  acq u ired  from a v a r ie ty  o f m arine sources a p a r t from f i s h  
were a lso  s tu d ied  and th o se  have been c l a s s i f i e d  as in d ic a te d  in  
T able 20.
The d ia g n o s tic  c h a r a c te r i s t ic s  o f th e  m a jo rity  of th e  i s o la te s  
agreed  c lo se ly  w ith  those  o f th e  type sp e c ie s  but as i s  to  be expe- 
ïc te d  when d ea lin g  w ith  a la rg e  number o f i s o la te s  d if fe re n c e s  in  
p r o p e r t ie s /
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TABLM 19
Tdôo.tific a t io n  of y e a a ts  is o la te d  from f is i i :
'meo n..es ^d).o:C s t r a in s ''' o f t o t a l  lo o ls te a
Deb;iryomycoa k lo o ck eri 
T oru lopsla  ineonsp icua(v a r ) 
Candida p a rap o ilo o io
R hodotorula g lu t in is  var* 
rubescene
Debaryomyces subglobosus 
G andida 1 ip o ly t ic  a ( v aa? )
Rho dot o ra la  muc ila g in o  sa  
G andIda sp ecle s  
Toï’uloî>s i s  f Bd.a;ta 
Torulop s i s  candIda 
Toi’uXopsis inconspicua 
idlodo to r  u la  rubi* a 
P ic h ia  membranaefaciens 
1 dillulaj."la. p u l lu lans 
u n id e n tif ie d  
G andida %eyl a no irle s 
T richosporon p u llu la n s  
Gryptococcus d i f f lu e ns 
Rho d o to ru la  minut a
Tor ill op s i  s p send ar ia  









































I d e n t i f ic a t io n  of y e a s ts  is o la te d  from m arine sources o th er than  risi:
h t r a in  Ho.
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Light I , I I  
40.red












Sea-wat o r , Clyde Estuary
Trawl-*» n e t , ' ”
Seaweed, Aberdeen
Winkle in  rook poo l, 
Aberdeen
(spoiling h e r r in g ( smoked) 
Seaweed, Aberdeen
F ish ing  boat deck,
Clyde Bstum?y
Winlcle in  rook poo l, 
Aberdeen
Soa«wa.t e r @ Clyde E stuary
(I U II
, North Sea 
" PClyde E stuary
g North Sea 
g Clyde Estuary
Clas s i f  i c a t  ion
Debaryomyces k lo e c k e ri
0 andIda p ar ap s i lo  s is
Rhodotorula g lu t i n i  s 
v ar.ru b escen s
0 andida 1 ip o ly t i c a (v a r )
Rhodotorula m ucllag i- 
: nosa
T oru lopsis  fam ata 
T oru lopsis Candida
Oryt‘)ij0coccus d if f lu e n s
" a lb id u s
” l a u r e n t i i
T o ru lo p sis  p se u d a ria  
(Esoltg  1953)
Met sohnikowia 1er i s  s i i  
(vanUden & C a ste lo -  
Branco, 1961)
P u llu la r ia , p u llu la n s
Trichosporon cutoneum 
var •m ult isp  orum
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p ro p e r t ie s  occurred  which d id  not alwéiys make id e n t i f ic a t io n  easy* 
These d i f f i c u l t i e s  to g e th e r  w ith evidence from th e  ro u tin e  t e s t s  of 
fodder and K reger-van R ij(1952) which could  in d ic a te  p o ss ib le  s t r a in  
v a r ia t io n  w ith in  th e  d i f f e r e n t  species have th e re fo re  been discussed*
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1 nLrodiiction
Ab mentioned e a r l i e r  (see  page 72) t e s t s  fo r  th e  in v e s tig a tio n  
of c h a ra c te r is  t i c s  of th e  y e a s ts  not determ ined by th e  methods of 
hodder and Kreger*-van 2 i j  (1952) have a lso  been uniartaken» The 
r e s u l t s  of th e se  t e s t s  fo r th e  sb ra in s  in  each species ore in d ic a te d  
in  th e  ppendix. These r e s u l t s  to g e th e r w ith  th e  r e s u l t s  of e a r l i e r  
taxonom ical in v e s tig a tio n s  have been considered  w ith a view to th e  
d iv is io n  o f th e  i s o la te s  in to  v arious groups in  o rder to  in d ic a te  
s t r a i n  v a r ia t io n .  The methods used fo r  th e se  t e s t s  and th e  r e s u l t s  
ob ta ined  from them w il l  now be d iscu ssed ,
Temporature Aielat io n s
In determ ining  grovrbh responses of th e  y e a s t s ti-a in s  a t  v a rio u s 
tem pera tu res i t  was hoped not only to  observe s t r a in  v a r ia t io n s  but 
any p o ss ib le  phenomenon r e la t in g  to  th e  marine h a b i ta ts  of th e  s t r a in s ,  
Phaff e t  a l , (1952) found co n s id erab le  d if fe re n c e s  in  tem perature bole- 
îran ce  amongst d i f f e r e n t  y e a s t i s o la te s  from shrimpy some being capable 
of growth a t  2,5^9 w hile o th e rs  could gi'ow a t  42^ ', One of th e i r  
i s o la te s  was found to  iiave a narrow to le ra n c e  range -  growing poorly  
a t  IcP ■ and not a t  32*'^  . Moth e t a l , (1962) found th a t  y e a s ts  i s o la te d  
from w ater samples a t  tem peratu res of 4 ' to  10Ml could g)?ow success- 
: f u l ly  a t  th e se  tem peratu res and a lso  th a t  d u p lic a te  samples of th e se  
w aters incubated  a t l / 0 and 24*G ex h ib ited  id e n tic a l  t o t a l  counts and 
sp e c ie s /
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sp ec ie s  com position although growth a t  th e  lower tem peratu re  was much 
re ta rd e d .
For t h i s  in v e s t ig a t io n  b ro th  c u l tu re s  h e ld  in  te s t - tu b e s
were incubated  in  a  s ta t io n a iy  p o s i t io n  a t  14^0 , 25^0? 3o^C^ 37^0 and
42'^ 0 ) and th e  number of days necessary  fo r  th e  p ro d u c tio n  of moderate* 
good and very good grovdih no ted . O ultures au too laved  a t  v a rio u s 
s ta g e s  o f growbh were used as a r b i t r a r y  s tan d ard s fo r  com parison. As
can be seen  in  Table 21, most of th e  is o la te d  s t r a in s  were capable o f
growing over a wide range of tem pera tu re . Only 6 ,5 ?  were found 
incapab le  of growbg a t  4^ ^G, More v a r ia t io n  i s  obvious* however, 
amongst th e  s t r a in s  w ith  reg a rd  to  th e  maximum tem peratu re  p e rm ittin g  
growth, i . e . ,  1*0? were incapab le  o f  growing above 25°0, 42? d id  not 
develop above 30^0 and only 5*0% of th e  rem aining 57? capable o f
growing a t  37^0 e x h ib ite d  growth a t  42^0 *
TABLE 21
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No c h a ra c te r is a t io n  o f th e  v a rio u s  sp ec ie s  com prising th e  
c o l le c t io n /
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c o l le c t io n  by th e  ranges of tem peratu re  p e rm ittin g  growth was obvious 
b u t w ith in  mar:y o f th e se  sp ec ies s t r a i n  v a r ia t io n  in  t h i s  re sp e c t was 
found which in  some oases b ea rs  a c o r r e la t io n  to  v a r ia t io n s  in  o th e r 
p ro p e r t ie s ,  e .g . T* inconsp icua , T. fam ata.
The m a jo rity  o f th e  s t r a in s  e x h ib ite d  maximum growth, i . e . ,  w ith  
re s p e c t to  q u a n tity  and r a t e ,  in  th e  range 25*^0 to  30^0% S tra in s  
4I 9H, 42OH, 421m and 424H, la b e l le d  Candida speci e s ,  were found,
however, to  grow s im ila id y  a t  both  14^0 and 25^0 and theij? opt m a  may,
th e re fo re ,  l i e  between th e se  two tem p era tu res . A lower optmum of 
14^0 was e x h ib ite d  by a l l  fom* s t r a in s  o f CryptococcuB, i . e . ,  407,
507, 510 and 511 and hence th e se  s t r a in s  can bo co nsidered  t r u ly  
psyciir op h y lic .  S t r a in  511, Cryptococous l a u r e n t i i ,  was a lso  found 
unab le  to  grow above 25^0 and ex h ib ite d  r a th e r  poor growth a t  t h i s  
tem p era tu re ; fo r  t h i s  reaso n  most o f th e  d ia g n o s tic  t e s t s  fo r  t h i s  
s t r a i n  were c a r r ie d  out a t  room tem peratu re  (17°G -  2090). The 
occurrence o f t h i s  psychrophylio  s t r a i n  in  th e  only sea-w ater sample 
incubated  a t  in d ic a te s  th e  p o s s ib le  ex is ten c e  o f an ex tensive  
y e a s t f l o r a  in  m arine w aters adapted to  or dependent upon lower
tem peratu res f o r  growth and survival, and an in v e s t ig a t io n  o f such a
f l o r a  should  prove an in te r e s t in g  to p ic  f o r  fu tu re  re se a rc h  on m arine 
y e a s ts .
Ass im i la t ion o f an Addi t i o n a l  Range o f Carbon Gompounds
The use o f an ex ten siv e  number of carbon compounds fo r  
a s s im ila t io n /
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assi3nôJ.ation t e s t s  was f i r s t  suggested  by Wiokerham (1951) and t h i s  
p r a c t ic e  has gained wide acceptance in  re c e n t yeai*s as in d ic a te d  by 
th e  many p u b lish ed  d e s c r ip tio n s  of y e a s ts  co n ta in in g  th e  r e s u l t s  of 
t e s t s  u s in g  such a range of compounds.
Using th e  " r e p l ic a  p la t in g  technique" aJroady d escrib ed  fo r  th e  
ro u t in e  a s s im ila tio n  t e s t s  o f hodder and K reger-van R ij (1952) -  see 
page 76 « th e  a s s im ila tio n  p a t te rn s  of th e  d i f f e r e n t  s t r a in s  u sing  
x y lo se , r a f f in o s o ,  b -a rab in o se , D^marmitol, mannose, s e l i c in ,  s o r b i to l ,  
g ly c e ro l, in u l in ,  lam in a rin  and fucosa  were in v e s tig a te d . The two 
la s t - ’mmned compounds wore used in  th e  t e s t s  in  view o f t h e i r  occurrence 
in  seaweeds. G reat d if fe re n c e s  were obvious between th e  v ario u s 
sp ec ie s  in  t h e i r  a b i l i t y  to  a s s im ila te  th e se  compounds.
W ithin many of th o se  sp e c ie s , e .g . ,  D .k lo eck e ri, D .subglpbpsus,
^  f  'fg i |4i tf <<iJWiutÆngii4m y ia  ^  nMpkV*.#** .' mi»#,'*.  n 'Jwtf.M. ii» f
T.Candida, Ï . inconsp icua ( v a r ) , C ilip o 'ly tic a  (V ar), a l l  th e  s t r a in s  
e x h ib ite d  id e n t ic a l  a s s m i la t io n  p a t te rn s  bu t w ith in  o th e r sp e c ie s , 
e .g . ,  G .p a ra p s i lo s is , T, inconsp icua , R h.m ucilaginosa, Rh. g lu t  in i s  var .  
ru b e sc en s , w idely vary ing  r e s u l t s  in  t h i s  re s p e c t were ob ta ined  and 
th e s e  d if fe re n c e s  have been used as c r i t e r i a  f o r  p la c in g  th e  s t r a in s  
o f th e se  sp e c ie s  in  groups as in d ic a te d  in  th e  Appendix.
I t  seems, th e re fo re ,  th a t  th e  use  of a la rg e  range o f carbon 
compounds in  a s s im ila tio n  t e s t s  could be u s e fu l  in  fu tu re  s tu d ie s  of 
m arine y e a s ts  bo th  an an a id  to  sp ec ies  id e n t i f i c a t io n  and to  re v e a l 
any/
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any s t r a i n  v a r ia t io n  e x is t in g  w ith in  th e  so sp e c ie s .
L iq u efac tio n  of G ela tin
In  gen era l y e a s ts  have been found to  po ssess  only poor a b i l i t y  
to  brealc down e x t r a c e l lu ia r ly  p ro te in s  and p o ly p ep tid es  (H a rr is , 1958: 
Wiokerham, 1951) and fo r  t h i s  reaso n  1,odder and K reger-van R ij (1952) 
in c lu d e  in  t h e i r  monograph th e  a b i l i t y  to  l ig .ie fy  g e la t in  only as a 
conf5„rmatory t e s t  fo r  some sp e c ie s , e .g . Candida lip o 3 .y tica .
However, i t  was decided to  t e s t  th e  a b i l i t y  o f a l l  th e  y o ast 
s t r a in s  to  l iq u e fy  g e la t in  in  view of tho  re p o r ts  o f Dyer (1947) th a t  
most o f th e  y e a s ts  is o la te d  by her from A tla n tic  cod were ab le  to  
a t ta c k  f i s h  p ro te in ,  and o f K riss  (1959) who found th a t  s t r a in s  o f 
most o f th e  sp ec ie s  com prising h is  m arine i s o la te s  were ab le  to  lî.quefy 
g e la t in .
As can be seen in  th e  Appendice th e  a b i l i t y  to  l iq u e fy  g e la t in  
was not a common p ro p erty  of th e se  m arine i s o l a t e s .  Apart from th e  
s t r a in s  of G o lipopy tica  (var) resem bling  C .l ip o ly t io a  fo r  Which th i s  
a b i l i t y  i s  a c l w a c t e r i s t i c  l i s t e d  by Lodder and K roger-van R ij (1952) 
only s t r a in s  43-9H, 42011, 421m, 424-H and 427s (Candida spp .) and 502 
(Tr i c h osppron cu tan em  var* mu l t i s porum) were found capable o f l iq u e -  
sfy ing  g e la t in .  . I t  i s  in te r e s t in g  to  no te  th a t  a l l  th e se  s t r a in s  
producing p ro te o ly s is  were a lso  l i p l y t i c  (see  below) .
L ip o ly s is
A s/
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As in  th e  case  of g e la t in  l iq u e fa c t io n , Lodder and Kreger-van 
R ij (1952) apply  a t e s t  to  d e te c t f a t - s p l i t t i n g  in  only a few oases 
fo r  co n firm atio n , v i s , ,  in  Candida l ip o ly t ic a  and Trichosporon 
pi.i],lulans. The method recommended fo r  th e  t e s t  by th e se  workers has, 
however, not proved very s a t is f a c to ry  (M orris, p e rso n a l comiuunication) 
and th e re fo re  th a t  developed by W illis  ( I 960) to  d e te c t  l ip o ly s i s  by 
C lo s tr id ia  was adopted in s te a d . This c o n s is ts  of s tre a k in g  th e  
organism s onto th e  su rface  of a medium composed of one p a r t  oovz-creajn 
and n ine  p a r ts  "MYCP" agar (autoolaved se p a ra te ly  and mixed a t  about 
50°G p r io r  to  poui*ing) held  in  p e t r i - d is h e s .  A fte r  fou r days* 
in cu b a tio n  a t  25^0 th e  p la te s  a re  flooded w ith  a s a tu ra te d  so lu tio n  
of CuCO  ^ and allow ed to  stand twenty m inutes b efo re  pouring o f f  th e  
excess . L ip o ly s is  i s  in d ic a te d  by th e  fo rm ation  of a dark g reen ish - 
b lue co lour both  on th e  s tre a k  and round about i t  which i s  due to  tho  
form ation  of in so lu b le  copper soaps by copper su lp h a te  w ith  any 
re le a se d  f a t t y  a c id s .
A ll th e  s t r a in s  in  th e  c o l le c t io n  were te s te d  fo r  l ip o ly s i s  in  
t h i s  manner. S trong coloui* form ation  was observed w ith th e  s t r a in s  
of C. l i p o ly t i c  a (vai'*) and 1113 a Trichosporon p u llu la n s . Somewhat 
v.reaker re a c t io n s  were a lso  observed fo r  502 and 503 (Tr.cutaneum v a r . 
mult isp  or m i), 43/6 ( T ^ seu d a r i a ) , 40red (Rh. g lu t  in i s  va r .  r ub esc ens) 
and 421m, 419H and 427s (Candida spp .)
T ests  were a lso  made u sing  5% commercial h e rr in g  o i l  ( f i l t e r -  
s t e r i l i s e d ) /
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s te r i l is e d )  in  p la c e  of th e  cream and w ith t h i s  only a s l ig h t  co lour 
r e a c t io n  was obvious from th e  s t r a in s  of G .l ip o ly t ic a  (var) and 
Candida sp p ., /(21m, 42OH, 424H, 419H and 427s. T his weak re a c t io n  
w ith  h e rr in g  o i l  may, however* be only an in d ic a t io n  of th e  p o te n t ia l  
c a p ac ity  in h e re n t in  th e se  s t r a in s  fo r  sp o ilag e , i . e . ,  w ith  reg a rd  to  
l ip o ly s i s ,  o f f i s h  m a te r ia ls  which may be more appar*ent under a 
d i f f e r e n t  s e t  o f co n d itio n s , e .g . ,  lower tem peratm ^es, d i f f e r e n t  pH, 
d i f f e r e n t  media, e tc .  In  t h i s  reg a rd  i t  i s  in te r e s t in g  to  note th a t  
B ulder (1955) re p o rte d  th a t  a s t r a in  of Pseudomonas f lu o r escens 
e x h ib ite d  l i p o l y t i c  a c t iv i ty  only a t  25^0 and no t a t  309c, a lthough 
growing w e ll a t  bo th  tem p era tu res .
R ib o flav in  P roduction
The a b i l i t y  to  ex c re te  s l ig h t  amounts of r ib o f la v in  in to  th e  
sy n th e tic  l iq u id  used in  th e  a s s im ila tio n  t e s t s  was noted fo r  many 
o f th e  s t r a in s  during  t h i s  in v e s tig a tio n . T his a b i l i t y  was nob 
confined  to  any one p a r t ic u la r  sp ec ies  tilthough s t r a in s  of 
G.p arap si l o s i s , D.sub^lobosus and D .k loeckeri ex h ib ited  th e  p ro p erty  
most commonly. Lodder and K reger-van R ij (1952) s p e c if ic a l ly  
m ention D .k lo eck eri, T ,fam ata and T.Candida as having t h i s  a b i l i t y  
and re c e n tly  Siepmann and Hohnk (1962) noted p a r t ic u la r ly  th a t  many 
o f t h e i r  y e a s t i s o la te s  from th e  North .A tlan tic , e s p e c ia lly  th o se  of 
D. siibglobosus and T.Candida ex cre ted  co n s id e rab le  amounts of r ib o f la v in  
in to  t h e i r  groi/jth medium.
Many/
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Many o th e r  r e p o r ts  concerning th e  a b i l i t y  o f y e a s ts  to  
sy n th e s ise  r ib o f la v in  have been pub lish ed , most o f which a re  
m entioned in  a  reveiw  by Pridhain (1952) and th e s e  d ea l m ainly w ith  
a ttem p ts  to  e s ta b l i s h  optimim co n d itio n s  fo r  r ib o f la v in  production*
In  ex a c tly  d e fin in g  th e se  co n d itio n s  some co n tro v ersy  e x is ts ,  b u t i t  
was g en e ra lly  agreed th a t  a  chem ically  defined  medium co n ta in in g  
in o rg an ic  s a l.ts , g lucose, am ino-acids and v itam in s , i s  s u i ta b le  fo r  
th e  purpose*
In  t h i s  study i t  was hoped th a t  some s t r a i n  d i f f e r e n t ia t io n  
would be p o s s ib le  on th e  b a s is  o f r ib o f la v in  e x c re tio n  and hence i t  
was necessary  to  produce m easurable amounts o f r ib o f la v in  in  a 
rep roduceab le  manner* I n i t i a l  experim ents w ith  s t r a i n  120, 
O .p a ra p s ilo s is  were made u sin g  carbon a s s im ila tio n  medium (Lodder 
and K roger-van R i j ,  1952) w ith  1?  glucose and 1% co n cen tra ted  v itam in  
s o lu t io n  (Lodder and K roger-van Rij., 1952) minus th e  r ib o f la v in . 
F la sk s  co n ta in in g  t h i s  medium alone or w ith  th e  a d d itio n  o f 0 .1 ?
"A-E" t r a c e  element so lu t io n  (Meilclejohn, 1950) were in o cu la ted  w ith  
a  washed suspension  of c e l l s  from a th re e -d a y -o ld  "MYGP" c p ltu re  and 
th e n  p laced  a t  25^0, one s e t  being  shalcen and th e  o th e r l e f t  
s ta t io n a ry .  A fte r th re e  d ay s’ grovrbh th e  anount o f r ib o f la v in  
ex c re ted  in to  th e  medium in  each c u l tu re  was es tiraa ted  spectropho to - 
: m e tric  a l ly  (B realey  and S lvidgo, 1956). The h ig h e s t r e s u l t ,  i . e . ,  
approxim ately 2^g/ml was ob ta ined  from th e  shaken c u l tu re  co n ta in in g  
th e  added t r a c e  elem ents.
F o u rteen /
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Fourteen  o th e r  y e a s t s t r a in s  com prising n ine D .k lo eck eri, fou r 
and one T.Candida were th en  t e s te d  fo r  r ib o f la v in  
p ro d u c tio n  u sin g  shaking c u l tu re s  w ith  th e  l a t t e r  medium and a  
p a r a l l e l  s e t  was a lso  p u t up co n ta in in g  in  a d d it io n  asparag ine  and 
g ly c in e , 2 g / l i t r e ,  re sp e c tiv e ly *  However, a lthough  b r ig h t green 
f lu o re sce n ce  was produced by a l l  th e  s t r a in s  under U*V. l i g h t ,  only 
s t r a i n  120 ex c re ted  m easurable amounts o f r ib o f la v in  and i t  was 
concluded th a t  under th e se  co n d itio n s  no s t r a i n  d i f f e r e n t i a t io n  on th e  
b a s is  o f r ib o f la v in  p ro d u c tio n  would be p ra c tic a b le *  However, 
f u r th e r  e lu c id a tio n  of th e  m etabo lic  pathway o f r ib o f la v in  p ro d u ctio n  
and i t s  r o le  i n  y e a s t physio logy may prove h e lp fu l f o r  fu tu re  
com parative s tu d ie s  in  t h i s  f i e l d .
V i t  am in  Requ ©nt &
W  W J A U O f T rw r g iT  J  M ir M M j*
In tro d u c tio n :
The d e te rm in a tio n  o f v itam in  requ irem ents i s  p o ss ib ly  one of th e  
most commonly employed methods fo r  th e  re c o g n itio n  of d i f f e r e n t  s t r a in s  
w ith in  th e  sane sp ec ie s  o f y e a s t and hence i t  was decided  to  determ ine 
t h i s  c h a r a c te r i s t i c  f o r  most o f th e  m arine is o la te s *  The methods 
used  f o r  t h i s  study wore based on th o se  o f S ch u lta  and A tkin  (1947) 
and K irsop (1955) and as some v a r ia t io n  in  n u t r i l i t©  requirem ent under 
d i f f e r e n t  environm ental co n d itio n s  has been re p o r te d  (M orris, 1958) 
a  d e s c r ip tio n  o f th e  s tan d ard  method employed i s  g iven below.
Methods :
The medium was p rep ared  according to  th e  methods o f S ch u ltz  and 
A tk in /
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A tkin (1947) except th a t  th e  co n cen tra tio n s  of th e  v itam in  so lu tio n s  
were changed to  those  in d ic a te d  below, th e se  v a lu es having been found 
to  give improved r e s u l t s  (M orris, p erso n a l com m unication),
V itam in S o lu tio n
In o s i to l -  0.625 g / l i t r e
Calcium p an to th en a te -  0.25 g / l i t r e
B io tin -  0 .1 m g / l i t r e
Thiamine hy iroc h lo rid e -  12.5 m g /l i t r e
Pyridoxin© hydroch loride -  12.5 m ^ /l i t r e
M icotiaic ac id ™ 12.5 m g /l i t r e
Para-am ino-benzoic a c id  was a lso  u..e i in  th e  t e s t  and a so lu tio n  
co n ta in in g  1.25 m g /l i l r e  was made up and s t e r i l i s e d  s im ila r ly  to  th e  
n ic o t in ic  a c id  so lu tio n .
Inocu la were p repared  from th ree -d a y -o ld  c u ltu re s  (grown on 
"liYGP" agar a t  2 5 ^ 6 )  by washing o ff  th e  growth in to  s t e r i l e  b o t t le s  
and making from th e se  suspensions co n ta in in g  1 x 10^ c e l l s  p e r.m l.
The n ine d i f f e r e n t  media re q u ire d  fo r a t e s t  were held  in  bent t e s t -  
Îtu b es and th e se  were each in o cu la ted  wit.h 0.5 ml of the  standard  c e l l  
suspension of th e  organism under in v e s t ig a t io n . The c u l tu re s  were 
then  f i t t e d  in  a slop ing  p o s it io n  on a l.rsy which was % laced  on a 
shaker (6o eyel e s/m in .) a t  25^0.
A fter twTonty-four, fo r ty -e ig h t  and s e v e n ty - t .0 hours, e s tim a tio n s  
of th e  gï'owth in  th e  c u l tu re s  were made by p la c in g  th e  tubes in  an Eel 
absorp tiom 3tor w ith a n e u tra l  d en sity  f i l t e r  u sing  w ater in  a s im ila r  
tube as a  blanlc. Readings were taken  from th e  tran sm ittan ce  ca le . 
Com plete/
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Complete growth was re p o r te d  i f  95? ab so rp tio n  ooourred. I f ,  a f t e r  
seventy-tw o hou rs, however, le s s  th an  50? ab so rp tio n  was in d ic a te d  
th o  p a r t ic u la r  vibarain m issing  from th i s  c u l tu re  was re p o rte d  as 
" e s s e n t ia l"  and i f  th e  ab so rp tio n  la y  between 50? and 95? th i s  was 
re p o r te d  as "p&urtial requ irem en t".
R e su lts :
The r e s u l t s  fo r  th e  in d iv id u a l s t r a in s  can be seen in  th e  
Appendix and th e se  have been summarised fo r  th e  d i f f e r e n t  sp ec ies  
in  Table 22. As can be seen in  t h i s  ta b le ,  co n s id e rab le  v a r ia t io n
r
e x is ts  amongst th e  s t r a in s  of many sp ec ies  and i t  has been p o s s ib le  
to  use  th e  d i f f e r e n t  requirem ents as c r i t e r i a  f o r  th e  grouping o f 
s t r a in s  w ith in  th e  sp ec ies  (see  Appendix). S t r a in s  o f D .k lo e c k e ri,
D. subglobosus 9 Q. l ip o ly t i c a (v a r ) and M .k r is s i i ,  however, proved consis- 
s te n t in  t h e i r  requ irem en ts and s t r a i n  d i f f e r e n t i a t io n  fo r  th e se  
sp e c ie s  on t h i s  b a s is  was im possib le .
Candida sp p ., T .p seu d a ria , R h .g lu tin i s  v a r . rubescens, Rh.ru b ra , 
Rh.m ucilagin o sa , P.membranaefaciens and T r p u l lu la n s  a l l  had s t r a in s  
which could  gi’ow w ithout any v itam in  supplem ents. I t  i s  d i f f i c u l t  
to  r e l a t e  t h i s  independence from v itam ins o f th e se  s t r a in s  to  t h e i r  
m arine occurrence in  view of th e  w idespread m arine occurrence of th e  
v itam in-dependent s t r a i n s .
R ecen tly  Ahearn and Roth (1962) have p u b lish ed  th e  r e s u l t s  of 





Yeast sp ec ie s Number
te s te d
Vitosnin roqun^ements ^
D .k loecker! 97 B
D*subglobosus 9 B
0*parapslloeiB 25 18 B; 1 ^  BpTh,Py3?| 1 -  B (p ),Pan(p)sP yr(p) 
1 -  B (p ) | 1 -  B,Th,PAB; 1 -  B ,In /fh (p ) ,P y r ;
1 -  PyrCp)? 1 -  B,Th(p)
G*z0la u o id es 1 B
G . l lp o ly t  ic a (  var ) 10 Th
Candida spp# 6 5 -  none; 1 B
T# inconsp icua 4 2 -  Nic,Fyi^,Th,B| 1 -  B ,Th,Pyr(p),PA B(p)j 
1 -  B ,Pyr,Th(p)
T # inoonsp ioixa 24 11 -  BgPyr; B -  B ,T h(p ),P y r; 4 -  B ,Pyr(p)
(v ar;
T#Candida 4 2 -  B; 1 -  Th(p) ; 2 -  B,Th
T .p sau d a ria 2 none
T, fam ata 5 4  -  B; 1 -  B,Th(p)
6 -  none; 3 -  Th(p) ; 6 -  ThEh# g lu t  i n i s  v a r . 15
rubescens
Rh#muo i la g in o s a 8 3 ^  none; 3 -  Th(p) ; 2 -  Th
Rh* ru b ra 3 1 nones 2 •• Th
Hh#minuta 1 1 .  Th(p)
M U krissli 5 B
P.membrtmaefac- 2 none
* ien s
Gryptococcus spp. 4 2 -  none; 1 «• Th; 1 -  B(p)
3?r. p u l lu l  ans 1 none
Tr • cu t aneum v ar * 2 Th(p)
multisporum
(p)™ p a r t i a l  requirem ent B ^ B io tin  Th -  Thiamine P yr- Pyridoxine
Nic •» N ico tin ic ac id In  *«» I n o s i to l  Pan ™ Galcium p an to th en a te
PAB “» p-Aminobenzoio a e id  
ik Number preceeding  requirem ent in d ic a te s  th e  number of s t r a in s
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hundred mta‘*ine i s o l a te s ,  th e  c o l le c t io n  o f which has been d e sc rib ed  
by F o i l  e t  a l  (I960) and Roth e t a l  (1962). A© in  t h i s  t e s t  b io t in  
was found to  be th e  v itam in  most commonly re q u ire d  amongst re p ré se n ta -  
s t iv e s  o f  th e  genera Candida,Debaryomyces and T o ru lo p sis  and th iam ine 
amongst th o se  of R hodotoru la . I t  i s  a lso  in te r e s t in g  to  no te  th a t  
th o se  workers when comparing y e a s ts  of th e  same genora from m arine and 
t e r r e s t r i a l  sources d e tec ted  no obvious d if fe re n c e s  in  t h e i r  v itam in  
req u irem en ts . In  view of th e  many d if f e r e n t  m arine lo c a tio n s  from 
which th e  l a t t e r  y e a s ts  were is o la te d  and th e  d i f f e r e n t  ty p es of 
resp o n se  o b ta in ed  from them th e  l a t t e r  workers concluded th a t  y e a s t 
d i s t r ib u t io n  in  t r u e  m arine h a b i ta ts  i s  not in flu en ced  s ig n i f ic a n t ly  
by s p e c if ic  v itam in  demands and t h i s  i s  a lso  th e  f in d in g  in  th e  p re se n t 
s tudy  w ith  reg a rd  to  th e  type o f f i s h  and f is h in g  ground from which 
th e  s t r a in s  were is o la te d .
C onclusion
D eterm ination  o f v itam in  requ irem en ts and o f a b i l i t y  to  a s s im ila te  
a  la rg e  range o f carbon compounds as w ell as in v e s t ig a t io n  o f tempera™ 
s tu re  r e la t io n s  proved th e  most u s e fu l o f th e  supplem entary t e s t s  in  
p ro v id in g  c r i t e r i a  f o r  th e  d iv is io n  o f th e  i s o la te s  in to  groups in  
o rd er to  in d ic a te  s t r a i n  v a r ia t io n .  D eterm ination  o f th e  a b i l i t y  to  
s p l i t  f a t  and o f a b i l i t y  to  l iq u e fy  g e la t in  were not so u s e fu l  in  t h i s  
re g a rd . No p r a c t ic a b le  method could be d ev ised  f o r  com parative 
e s tim a tio n s  o f r ib o f la v in  p ro d u c tio n .
The wide ran g es of tem pera tu re  p e rm ittin g  grovrbh o f th e se  y e a s ts
have/
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have been in d ic a te d  and th e  presence of se v e ra l p eye h rophylic  s t r a in s  
was re v e a le d . L ip o ly tic  a c t iv i ty  was found not only  in  s t r a in s  o f 
C .l ip o ly t ic a  (var) and ïr ich o sn o ro n  s p p ., bu t in  th o se  c l a s s i f i e d  as 
'T orulopsis Pvsoudaria, Rh. glut  in i s  var .rubescens and Candida spp, . The 
p resen ce  of t h i s  a b i l i t y  in  s t r a in s  o f Torulop s is  and Rhodotorula has 
n o t, as f a r  as i s  known, been p rev io u s ly  re p o rte d  in  th e  l i t e r a t u r e .  
I t  was a lso  noted th a t  a l l  th e  s t r a in s  producing p ro te o ly s is ,  i . e . ,  
l iq u e fy in g  g e la t in ,  were ab le  to  cause l i p o l y s i s .  N either l ip o ly s i s  
nor p ro te o ly s is  'was, however, a genera l p ro p e rty  of th e se  m arine 
i s o l a te s .
-  113
IWRA-RBD SPECTROPHarOMETRY 
In tro d u c tio n
In f ra - re d  spectrophotom etry  which i s  prom inent among re c e n tly  
developed technique© in  chem istry  and b io logy  makes use o f th e  
concept th a t  th e  in f r a - r e d  spectrum of an o rgan ic  compound i s  a  
unique p ro p e rty  and a lso  th a t  a sm all change in  th e  chem ical 
c o n s t i tu t io n  of th a t  compound may produce a  r e la t iv e ly  la rg e  change 
in  i t s  spectrum . In  more complex m olecules, however, th e  ab so rp tio n  
bands a re  somewhat d if fu s e  b u t, n e v e rth e le s s , m olecules having s im ila r  
com position have s im ila r  spectra*  Hence, i t  has been found p o s s ib le  
u s in g  th i s  techn ique  to  make com parative in v e s t ig a t io n s  of th e  o v e ra l l  
molecul.ar com position of u n ic e l lu la r  m icro-organism s.
S tevenson and Balduan (1952) were f i r s t  to  apply t h i s  techn ique 
in  th e  id e n t i f i c a t io n  o f b a c te r ia  and th ey  found th a t  th e  char a c t e r i s -  
: t i c  sp e c tra  ob ta in ed  not only enabled th e  organism s to  be p laced  in  
genera and sp e c ie s  bu t allow ed d i f f e r e n t ia t io n  of c lo se ly  r e la te d  
s t r a i n s .  F u rth e r  s tu d ie s  o f v a rio u s groups o f b a c te r ia  by N orris 
(1953) ;  Levine e t  a l* (1953), Thomas and G reonstree t (1954), R iddle 
e t  a l  (1956) ,  G reen stree t and N orris (1957), N orris  and G reen stree t 
( I 95B), Kenner e t  a l .  (1958), Haynes e t  a l .  (1958), Goulden and 
Sharpe (1958) and Scopes (1962) confirm ed th e  f in d in g s  of Stevenson 
and Balduan (1952), a lthough some genora were found to  be e a s ie r  to  
d:3i’f e r o n t ia te  th an  o th e rs .
O ther/
— 1±4
Other gi'oupvS of organism© have a lso  been s tu d ied  by th e se  
methods, i . e , ,  v iru se s  by Benedict e t a l .  (1954) and pathogenic 
fu n g i by Cawley e t a l .  (1954), but in  e i th e r  case  th e  sp ec tra  ob ta ined  
a ffo rd ed  l i t t l e  s t r a in  or sp ec ies  d i f f e r e n t ia t io n .  Gimon o-nd Hedrick 
(1955) ,  making s im ila r  s tu d ie s  of th e  two y ea s t sp ec ies Hansenula
anomala and Saccharomyces c e re v is ia e  were unable to  o b ta in  d is s im ila r  
when
sp e c tra  evon^the y e a s ts  were compared in  p- r a l l e l  under widely 
vary ing  experim ental c o n d itio n s . 7'hey found f u r th e r ,  th a t  th e  
c e l lu lo s e  ob ta ined  from th e  y ea s t c e l l s  had a s im ila r  spectrum to  th a t  
o f th e  whole c e l l s  and, hence, in  th e se  sp ec ie s  a.t l e a s t ,  c e llu lo s e  
must c o n tr ib u te  s u b s ta n tia l ly  to  th e  whole c e l l  in f ra - r e d  spectrum . 
Although r e la t iv e ly  l i t t l e  i s  y e t known of th e  s t r u c tu r a l  polysaccha­
i r  idos of y e a s ts  t h i s  f in d in g  i s  su rp r is in g  in  view of tho  re p o r ts  
of co n s id e rab le  v a r ia t io n s  in  th e  com position of th e  c e l l  w all 
f r a c t io n  of d i f f e r e n t  y e a s t species -  Usden and B u rre ll (1952), 
u reger (1954)? f j i l l e r  and i l ia f f  (1958) and K laushofer (1961).
However * because imon and iiecii’ick  (1955) s tu d ied  ouly two y ea s t 
sp e c ie s , n e ith e r  of which has occurred in  th e  m arine y ea s t c o l le c t io n , 
i t  was considered  p r o f i ta b le  to  exj^lore fu r th e r  th e  p o s s ib i l i ty  of 
u sin g  in f ra - r e d  spectrophotom etry in  order to  e s ta b l is h  some i i f f e ro *  
in f la t io n  amongst tho marine i s o la te s ,  e s p e c ia lly  a t  s t r a in  le v e l .
I t  has been s tre s s e d  by ne^irly a l l  th e  above workers when
em ploying i n f r a - r e d  spec tropho to riio try  f o r  m ic r o b io l o g i c a l  a n a l y s i s
t h a t /
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t h a t  rep roduceab le  r e s u l t s  can be achieved only under r ig id ly  
c o n tro lle d  exper:hnental co n d itio n s  « In  t h i s  co n tex t i t  was found 
th a t  th e  sp e c tra  o f m icro-organism s could be a f fe c te d  by such f a c to r s  
a s  v a r ia t io n s  in  oultux'e media, type  o f c u l tu re  medium and in cu b a tio n  
tim e and tem p era tu re . The methods of sample p re p a ra tio n  and opera- 
s t io n  o f instrum ent a re  a lso  im portant experim ental d e ta i l s  which 
must be c o n tro lle d  s t r ic t ly *
The stan d ard  procedures adopted in  t h i s  s tudy , based on th o se  
o f th e  above-m entioned w orkers, a ttem pt to  e lim in a te  a l l  th e  
re co g n isab le  v a r ia b le s .
I n f r a - r e d sp e c tra  o f in t a c t  c e l l s
 ... .. » i IPJ— JwatO m i»
"WGP" b ro th  c u l tu re s  o f y e a s t s t r a i n  43, Debaryomyces k lo e c k e r i » 
were grown on two su ccessiv e  occasions fo r  f o r ty - e ig h t  hours ( -  ^  hour) 
a t  25^0 , A p o r tio n  (0.5 ml) o f th e  second c u l tu re  was th en  spread 
evenly , u sin g  an L-shaped rod, over th e  sm rface of "I4ÏGP'' ag a r, i . e . ,
20 m l, h e ld  in  I0«cm p e t r i - d is h e s ,  and a f te r  le a v in g  a t  room tempera™ 
s tu re  f o r  a  q u a r te r  o f an hour th e  in o c u la ted  p la te s  were incubated  
a t  25^0.
A ft or fo r ty - e ig h t  hours* growth ( -  hour) th e  c e l l s  were 
h a rv es ted  from th e  p la te ,  ca re  being  tak en  to  a v o id  any "carry -over"  
o f m edia. F h y s lo lo g ica l sa].ine (1.5 ml) a t  approxim ately 4^G was 
added to  th e  p la te s  which w ere  in c lin e d  a t  10*^  on a rack  and th e  
growth scraped  o f f  g en tly  w ith  an L-shaped g la ss  ro d . The r e s u l t in g  
su sp en sio n /
■» 13.6 —
suspension  was th en  t r a n s f e r r e d  to  a s t e r i l e ,  screw-cap b o t t l e  (v  o s .)  
u s in g  a  ben t p ip e t te .  A few drops o f t h i s  suspension  were t r a n s -  
5fe r r e d  to  p o lish ed  s i lv e r  o h lo rid e  p3.ates (l"x l"xlm m ), spread  evenly 
over th e  su rface  and d r ie d  slow ly to  a filhn on a  hot p la te  a t  50^0 ,
On th e  recommendation of G reen stree t and N orris (1957) a ttem pts wore 
made to  keep th e  tim e in te rv a ls  co n s tan t between removing th e  c e l l  
suspension  from th e  cu ltu i'o  medium and adding i t  to  th e  s i lv e r  
c h lo r id e  p la te .
The s i lv e r  c h lo rid e  p la te  was s l ig h t ly  t i l t e d  w hile i t  d r ie d
so th a t  th e  th ic k n ess  o f th e  f ilm  v a rie d  along i t s  le n g th . The
in f r a - r e d  spectrum was th en  run  from wavelength 2 . 5;u to  l^p, ( i . e . ,
“1 «*1wave no. 4,000 cm '  to  700 cm ) ,  u s in g  a Perkin™Elmer 137 In frac o rd  
Spectrophotom eter. F iln s  g iv ing  4O/8O/0 tran sm iss io n  a t  w avelength 
2 .^ u  were found to  produce s a t is f a c to ry  s p e c tra . Before each 
reco rd in g  th e  c h a r t s c a le  was c o r r e c t ly  a lig n ed  u sin g  a p o ly sty ren e  
f ilm  of known in f r a - r e d  spectrum .
From d i f f e r e n t  p re p a ra tio n s  of s t r a i n  43, bo th  on th e  same and 
d i f f e r e n t  o ccasio n s, id e n t ic a l  sp e c tra  were o b ta in ed . These sp e c tra  
were compared on th e  b a s is  of th e  p o s i t io n  and shape of th e  absorp- 
î t lo n  bands r a th e r  th a n  th e i r  in te n s i ty  which v a r ie s  w ith  each sample, 
depending on th e  th ic k n ess  of th e  fi3m -  a f a c to r  which i s  d i f f i c u l t  
to  c o n tro l .  As can bo seen from a re p re s e n ta t iv e  t r a c in g  of th e  
spectrum of s t r a i n  43 (F igure 7) th e  main ab so rp tio n  bands occur a t  
6 . 0 ^ , /
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FIGURE 7 In f ra - re d  spectrum of whole c e l l  p re p a ra tio n  
of s t r a in  ^3, Debaryomyces k lo e c k e r i>
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6 ,Ü5jU3 7 and 9*3/9*fyi, w ith  v/ealcer ones a t  6 *^i,
7 «7^ and 8*7^1*
The spectriiriî o f s t r a i n  43 i s  very s im ila r  to  th a t  ob ta ined  
by Simon and Hedrick (1955) f o r  whole c e l l s  o f Hansenula anomala 
except f o r  sm all d if fe re n c e s  in  th e  p o s i t io n  o f two bands which they  
reco rded  a t  7*Op and 8 . Ou and in  th e  spectrum o f s t r a i n  43, bands 
occurred  a t  7 ,l^ u  and 8 . Ip .  These may w e ll  be th e  same ab so rp tio n  
bands, however, as th e  t r a c in g  of th e  spectrum p u b lish ed  by th e se  
workers has very shallow  ab so rp tio n  bands and t h e i r  exact p o s i t io n  
seems r a th e r  in d e te rm in a te «. The marked in te n s i ty  o f th e  ab so rp tio n  
band o ccu rrin g  between 9 *3p  and 9 *6p  in  s t r a i n  43 was a lso  noted 
in  th e  spectrum of Hansenula anomala by th e s e  workers who dem onstra- 
rbed th a t  i t s  occurrence was la rg e ly  due to  y e a s t c e l lu lo s e .
Y east s t r a in s  4^, T o ru lppsis  Candida, and 21, Candida 
p a ra o s ld o s is  were a lso  s l jn ila r ly  examined by in f ra - i 'e d  sp e c tro -  
Îphotom etry bo th  a t  th e  same tim e as s t r a i n  43 and on d i f f e r e n t  
occasions and in  a l l  cases  th e  sp e c tra  o b ta in ed  were found to  be 
id e n t ic a l  to  th a t  of s t r a i n  43 and hence to each o th e r (see  F igure  
8 ) .  I t  th u s  appears th a t  in f r a - r e d  spectrophotom etry  o f whole 
y e a s t c e l l s  w i l l  not aDLow d i f f e r e n t ia t io n  o f th e se  y e a s ts  a t  any 
taxonom ical l e v e l .
In f ra - re d  sp e c tra  of d i s ru p ted  c e l l s
The f in d in g  of id e n t ic a l  in f r a - r e d  sp e c tra  f o r  d i f f e r e n t  y e a s t 
s p e c ie s /
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FIGURE 8 In fra - re d  sp e c tra  of whole c e l l  p re p a ra tio n s  of
(a) s t r a in  21, Candida n a ra p s i lo s is
(b) s t r a in  T oru lopsis Candida
(c) s t r a i n  43, Debaryomyces k lo e c k e r i
•*» 1 2  0  “*
sp ec ie s  confirmvS th e  r e s u l t s  o f Simon and Hedrick (1955) w ith  
Hansenula anomola and Saccharornyces c e re v is ia e  and as th e se  workers 
dem onstrated th a t  y e a s t c e l lu lo s e  from both  th e  l a t t e r  sp ec ies  produced 
s im ila r  sp e c tra  which in  tu rn  were s im ila r  to  th e  whole c e l l  sp e c tra  
i t  was decided  th a t  an* exam ination o f th e  y e a s t c e l lu l a r  m a te r ia l a f t e r  
th e  removal o f a  s u b s ta n t ia l  pfiz't o f th e  c e l lu lo s e  might a f fo rd  
c h a r a c te r i s t i c  s p e c tr a .
O ells  were th e re fo re  h a rv es ted  as p re v io u s ly , a lthough  in  t h i s  
in s ta n c e  "MÏGP'* mediiun was re p la ced  by a sy n th e tic  medium d escrib ed  
by Lodder and R ij (1952) fo r  t e s t in g  th e  a s s im ila t io n  o f g lucose.
T h is change of mediiom was thought necessary  as s l ig h t  changes in  
b a tch es o f such an undefined  medium as "IHGP" could  be r e f le c te d  
s tro n g ly  in  th e  in trao e llu 3 .a r  chem ical com position and might become 
ap p aren t once th e  masking e f f e c t  o f th e  c e l lu lo s e  was removed.
The c e l l s  were th en  d is ru p te d  by v ib ra t io n  w ith  Wo. 13 B a l lo t in i  
sho t in  a M ickle d is in te g ra to r  and th e  in so lu b le  c e l lu l a r  m a te r ia l 
removed by c e n tr ifu g in g  a t  2,500 rvp.m . M echanical d is ru p tio n  was 
p re fe r re d  here  r a th e r  th an  chem ical re ag e n ts  which a re  d i f f i c u l t  to  
remove and sm all t r a c e s  o f th e se  can a f f e c t  th e  s p e c tra . The 
r e s u l t in g  o p a lescen t su p e rn a tan t was th e n  f re e z e -d r ie d  w ith  100 mgm 
s p e c ia l ly  p u r i f i e d  KOI and th e  f in e  w hite powder o b ta in ed  p ressed  in to  
d is c s  from which sp e c tra  were recorded  as p re v io u s ly .
Y east s t r a in s  /^2, 43 and 21 were examined by t h i s  method and 
ag a in  id e n t ic a l  sp e c tra  were ob ta ined  (see  F ig . 9 ) . These sp e c tra  
d i f f e r /
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FIQTIRE 9 Infra-red spectra of soluble material from 
disrupted c e lls  o f:-
(a) strain 43, Debaryomyces kloeckeri
(b) strain  21, Candida parapsilosis
(c) strain 42, Torulopsis Candida
d i f f e r  from th o se  o f th e  whole c e l l s  only in  having a  very s l ig h t ly  
p e rc e p tib le  band of ab so rp tio n  a t  6Ji5}h  which i s  considered  to  be 
a  p ro te in  band (Levine e t  a l , , 1953) | bu t no d if fe re n c e  in  th e  
in te n s i ty  of th e  bande 9«-3;i to  9o6p., consid ered  by Simon and Hedrick
(1955) to  be th e  c e l lu lo s e  bands, was found,
Idsrther in v e s t ig a t io n s  o f  s t r a in s  43 and 21 were c a r r ie d  out 
employing a much h igher speed o f c e n tr ifu g a tio n  -  35,000 T his
reduced th e  opalescence of th e  supernatant* and i t  was hoped th a t  most 
o f th e  y e a s t c e l lu lo s e  would th u s  be removed. Both sup ern a tan t 
l iq u id  and th e  d ep o s it ws wo].l as th e  whole c e l l s  o f  s t r a in s  43 and 21 
were f re e s e -d r ie d  sim ultaneously  w ith  KOI and th e  r e s u l t in g  powder 
used fo r  d isc s  to  determ ine th e  sp e c tra , as b e fo re .
As can be seen  in  F igure  10, although th e  sp e c tra  o f th e  whole 
c e l l s ,  d ep o s it and so lu b le  m a te r ia l a re  somewhat d i f f e r e n t ,  th e  
sp e c tra  in  each case  fo r  th e  two s t r a in s  43 and 21 were very s im ila r .  
The p ro d u c tio n  o f s im ila r  sp e c tra  by th e  so lu b le  o e l lu la r  m a te r ia l ,  as 
w e ll as by th e  in so lu b le  in  th e  d if f e r e n t  s t r a in s  seems to  suggest 
th a t  some component, o th e r 'than c e l lu lo s e ,  p re se n t in  r o la t iv o ly  la rg o  
amounts in  each s t r a in ,  produces a  c h a r a c te r i s t ic  spectrum which masks 
any e f f e c ts  of o th e r c e l lu l a r  c o n s t i tu e n ts .  In  t h i s  connection  i t  
i s  in te r e s t in g  to  no te t h a t  th e  spec tr im  ob ta ined  from b a c te r ia l  
glycogen by Levine e t  a l ,  (1953) somewhat resem bles th e  spectrum 
o b ta in ed  here  from th e  so lu b le  c e l lu l a r  m a te r ia l , e s p e c ia lly  in  th e  
in te n s i ty  o f th e  ab so rp tio n  band between and l(ÿx. Thus, i t  can be 
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FIGURE 10 : Infra-red spectra of:- ,A)  s tra in  21. G .parapsilosis  
;;.V , B) s tra in  A3, D .kloeckèri . ■
/ j[l) w h^e c e l l s  ( 2 ) depôsit ,‘( 3 ) supernatant J : ; /
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conjeotvired th a t  bo th  c e llu lo s o  and probably glycogen, which occur 
in  a l l  th e  y e a s t s t r a in s ,  produce s p e c if ic  sp e c tra  which mask any 
e f f e c ts  of th e  d if fe re n c e s  in  th e  o th e r c e l lu l a r  components which 
could  o therw ise  produce c h a r a c te r i s t ic  sp e c tra . I t  thus appears 
th a t  d i f f e r e n t ia t io n  of th e se  y e a s ts ,  a t  any taxonom ical le v e l ,  by 
in f r a - r e d  spectroscopy  w il l  not be p o s s ib le  u n t i l  th e  components 
masking th e  e f f e c ts  o f th e  c h a r a c te r i s t ic  o v e ra l l  in t r a c e l lu la r  chem ical 
com position a re  removed from th e  c e l l s .  Removal of th e se  components 
would re q u ire  th e  use of chem ical re a g e n ts , a  p rocedure which i s  not 
d e s ira b le  in  view of th e  p o s s ib le  d i f f i c u l ty  of removing tr a c e s  of 
such and a lso  th e  in tro d u c tio n  of f u r th e r  co m p lica tio n s , o*g.d én a tu ra- 
î t i o n  o f p ro te in ,  e tc .  Hence v a r ia b le s  could be in tro d u ced  which would 
decrease  th e  chances of o b ta in in g  reproduceab le r e s u l t s .  No fu r th e r  
a ttem p ts to  d i f f e r e n t i a t e  th e  marine i s o la te s  were, th e re fo re , made, 
except fo r  th o se  of th e  genus Rhpdo to ru la , as re p o r te d  below.
In f ra - re d  sp e c tra  of R hodotorula sp ec ie s
In  view o f th e  d i f f i c u l t i e s  o f o b ta in in g  c r i t e r i a  fo r  th e  a l lo c a -  
î t io n  o f sp ec ies  in  th e  genus IHiodotorula (Skinner and Huxley, 1956) a 
f i n a l  a ttem pt to  t e s t  th e  p o s s ib i l i t y  o f in f r a - r e d  spectrophotom etry  
fo r  t h i s  purpose was made, u sin g  th e  m arine i s o la te s ,  330p 
R h.m ucilaginosa, and 302p, Rh. g lu t in i s  v s r .ru b e sc e n s .
Kreger (1954) found th a t  R h .g lu t in is lacked  both  mannan and 
glue an in  th e  c e l l  w a lls , components which may cause a t  l e a s t  p a r t  o f
th e  masking e f f e c t s  describ ed  above and i t  was hence hoped th a t  any 
d if f e r e n c e s /
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FIGURE 11 In f ra - re d  sp e c tra  of whole c e l l  p re p a ra tio n s  o fs -
(a) 302p, R h .g lu tin is  v a r .ru b esc en s , grown w ith  mannose
(b) " " " ” " , ** " glucose
(c) 33Op, R h.m ucilaginosa, grown w ith  mannose
(d) " " " , " ” glucose
-  126 -
d if fe re n c e s  in  in tra c e l l ix la r  chem ical com position between th e se  
sp ec ie s  x^ould be obvious in  t h e i r  in f i 'a - re d  spectra»  The organisms 
wore groim on th e  sy n th e tic  media and a lso  on s im ila r  media co n ta in in g  
mannose in s te a d  o f g lucose . A d if f e r e n t  carbon sou rce , i . e . ,  mannose, 
was inc luded  in  th e  gz'owLh medium in  o rder to  see i f  more d is t in c t iv e  
S p ectra  could  be produced as a r e s u l t  o f some p o s s ib le  m o d ifica tio n  
in  th e  in t r a c e l lu la r  p o ly sacc h arid es .
Id),ole c e l l  s p e c tra  were th en  ob ta ined  as b e fo re  and, as can be 
seen  in  F ig u re  11, th e  sp e c tra  of c e l l s  from bo th  s t r a in s ,  302p and 
33Op, grown w ith  e i th e r  glucose or mannose, were ex ac tly  s im ila r .
I t  seems, th e re fo re ,  th a t  in f r a - r e d  spectrophotom etry  w il l  not serve  
to  d i f f e r e n t i a t e  or c h a i 'a c te r ise  th e se  sp ec ie s  o f Rhodotorula and, 
l i k e  th e  o th e r y e a s t s t r a in s  s tu d ie d , some c e l lu l a r  f r a c t io n a t io n  
may be necessary  to  o b ta in  d i s t in c t iv e  sp e c tra .
Conclusion
The use o f in f r a - r e d  spectrophotom etry in  th e  study o f th e  
y e a s t  i s o la te s  has been in v e s tig a te d  and th e  r e s u l t s  in d ic a te  th a t  
th e  sp e c tra  o f whole c e l l s ,  so lu b le  and in so lu b le  c e l lu l a r  m a te r ia l , 
a re  of l i t t l e  v a lue  fo r  sp ec ies  or s t r a i n  d i f f e r e n t ia t io n .  I t  i s  
co n jec tu red  th a t  Id e n t ic a l  o e l lu la r  components pi*oduoing s p e c if ic  
s p e c tra  occur in  th e  d i f f e r e n t  sp ec ie s  and mask th e  e f f e c ts  of 
d if fe re n c e s  in  o th e r o e l lu la r  components.
-  127 -
DETidtMINATIOH OF FREE A.14IM0 ACIDS 
In tro d u c tio n
T aylor (1947) f i r s t  re p o r te d  th e  occurrence in  y e a s ts  of a f r e e  
am ino-acid pool co n ta in in g  a rg in in e , g lu ta n ic  a c id , h i s t id in e ,  ly s in e  
and ty ro s in e .  Other workers -  Lindan and Work (1951), hagai (1953), 
Halvorson and Spiegjlraan (1953), Halverson e t  a l ,  (1955), Spieg^man e t 
a l .  (1955), Swenson and D ott (1961) -  in  f u r th e r  exam inations o f t h i s  
po o l in d ic a te d  th a t  a t  l e a s t  s ix te e n  amino a c id s  may be p re sen t compri- 
îs in g  from f iv e  to  tw elve p e rc e n t , ,  o f th e  t o t a l  c e l l  n itro g en .
The accum ulation of amino ac id s  and p e p tid e s  w ith in  th e  m ic ro b ia l 
c e l l ,  whether due to  anabo lic  o r c a ta b o lic  p ro ce sse s , must be as much 
a r e f l e c t io n  of th e  metabolism of th e  organism s as ere  sugar ferm en ta- 
: t i o n ,  a s s im ila tio n  of carbon-and n itro g e n -c o n ta in in g  compounds, 
s p l i t t i n g  of © rbutiu , e tc .  Hence v a rio u s  w orkers -  M attick e t a l .
(1956) ,  Cheeseman (1959), B erridge e t a l .  (1957) Mandelstam (195#) ” 
have found th a t  com parative s tu d ie s  of th e  f r e e  amino ac id  poo ls o f 
d i f f e r e n t  sp ec ies  and s t r a in s  of b a c te r ia  may be c h a ra c te r i s t ic  and 
hence u s e fu l a id s  in  taxonomy. For th e  Fungi such s tu d ie s  have a lso  
proved u s e fu l ,  e .g . ,  Hine (I960) sepai^ated fo u r sp ec ie s  of Pythium on 
t h i s  b a s is .  L i t t l e  com parative study o f th e  f re e  amino ac id  poo ls 
o f d i f f e r e n t  y e a s t s t r a in s  has been re p o r te d , however, and i t  was 
decided in  view of th e  f in d in g s  rep o rted  fo r  b a c te r ia  and fo r  Pythium 
th a t  u s e fu l in fo rm ation  fo r  s t r a in  d i f f e r e n t ia t io n  might be ob ta ined  




It'epai’a t io n  of C e llu la r  M a te ria l :
In  view o f th e  d if fe re n c e s  found in  th e  f r e e  amino a c id  poo ls  of 
y e a s ts  grown in  d i f f e r e n t  media (Nagai, 19535 Halvorson e t  a l , 1955) i t  
seemed d e s ira b le  to  employ in  th e se  in v e s t ig a t io n s  a growth medium 
whose com position could  be s t r i c t l y  c o n tro lle d . A sy n th e tic  medium -  
medium ”0*’ -  was d ev ised , c o n s is t in g  of n in e ty - f iv e  p a r ts  of a  s a l t s  
and sugar s o lu t io n  -  so lu tio n  ’*A” -  and f iv e  p a r t s  o f a v itam in  
s o lu t io n  -  s o lu t io n  "B". S o lu tio n s  "A" and "B" were p repared  se p a ra te -  
î ly ,  s te iH ise d  by ty n d a l l i s a t io n  and s to re d  a t  4*^ 0 u n t i l  re q u ire d  to  
p rep a re  medium "C '\
S o lu tio n  **B*’
5 .0  g B io tin  -  0 ,04 mg
1 .0  g Pyridoxine « 5 .0  g
0.5 g In o s i to l  -  0.25 g
0 .1  g Ga p an to th en a te  « 0 .1  g
0 .1  g N ico tin ic  a c id  -  5 .0  mg
10. Og p-Amino-ben%oic a c id  « 0.5 mg
D is t i l le d  w ater to  40O ml





Glue o s e (a n a la r  )
D is t i l l e d  w ater to  950 ml
The y e a s t  c e l l s  fo r  in v e s t ig a t io n  were h a rv es ted  from fo r ty - e ig h t  
hour c u l tu re s  grown in  medium "G" held  in  50 ml p o r tio n s  in  c o n ica l 
f la s k s  on a shaker a t  25^0. Hence they  could  be regarded  as being  in  
th e  s ta t io n a ry  phase o f growth. The inoculuiû f o r  th e se  c u l tu re s  was 
o b ta in ed  from th e  second of two consecu tive  f o r ty - e ig h t  hour c u l tu re s  
o f /
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of th e  y e a s t in  medium"O'" iield in  10 ml, p o r tio n s  in  bent t e s t - tu b e s  
and shaken a t  25^0* P rio r  to  in o c u la tio n  th e  medium"!" held  in  th e  
c o n ic a l f la s k s  and te s t - tu b e s  was s t e r i l i s e d  in  flow ing steam fo r  h a lf  
an hour.
Approximately 1.5 x 10^ c e l l s  were h a rv es ted , washed th re e  tim es 
w ith  g l a s s - d i s t i l l e d  w ater u sin g  c e n tr ifu g a tio n  and th en  d is ru p te d  w ith  
B a l lo t in i  shot (ho#13) in  a Mickle d is in te g ra to r#  The r e s u l t in g  
suspension was poured o f f ,  c e n tr ifu g e d  fo r  an hour a t  approxim ately
2,000 r.p.m # and th e  su p ern a tan t mixed w ith  foiu’ tim es i t s  volume o f 
ac e to n e (a n a la r)  to  p r e c ip i ta te  any rem aining p ro te in #  This was removed 
by f i l t r a t i o n  through Ohatman’s No#^ (acid-w ashed) f i l t e r  paper and th e  
f i l t r a t e  so ob ta ined  evaporated  to  dryness under a vacuum*
The d i'ied  m a te r ia l was re c o n s ti tu te d  fo r  exam ination by adding 
approxim ately  10 ml# g l a s s - d i s t i l l e d  water* This so lu tio n  was then  
allow ed to  run  through an a c id if ie d  r e s in  column containing"DOWEX" 50W'-*. 
The column and i t s  co n ten ts  were then  thoroughly  washed w ith  g la s s -  
: d i s t i l l e d  water to  remove s a l t s  a f to r  which th e  adsorbed m a te r ia ls  
were e lu te d  w ith r e d i s t i l l e d  N amrnoniiom hydroxide# This so lu tio n  was 
evapo:r_. te d  to  dryness under vacuum a f te r  which as much of t h i s  d r ie d  
m a te r ia l  as p o s s ib le  was tak en  up in  0*5 ml, g l a s s - d i s t i l l e d  water
and p laced  on a c lean  p la s t i c  p la te  held  in  a a evacuated d es icca to r#
— 130
A fte r approxim ately tw elve hours some o f th e  r e s u l t in g  concentra-™ 
ïte d  d r ie d  m a te r ia l  was removed w ith  a few drops of g l a s s - d i s t i l l e d  
w ater u sing  a c a p i l la ry  p ip e t te  and used to   ^spot ' th e  ciii-'omatographic 
paper#
P re p a ra tio n  of ChromatograiftSî
A  two dim ensional paper chrom atographic system devisod by R ed fie ld  
(1953) proved advantageous fo r  th e  purposes of t h i s  in v e s t ig a t io n  in  
making p o ss ib le  th e  se p a ra tio n  of a  la rg e  nujiiber o f amino ac id s  on a 
s in g le  cljromatogi’am w ith in  tw enty-four hours# As th e  papers a re  deve- 
; loped  w ith  ascending so lv en t systems i t  was p o s s ib le  by u sin g  a frame 
to  accommodate sim ultaneously  a number o f them in  the one tank* By th e  
in c lu s io n  o f a paper w ith  a standard  m ixture of amino ac id s  to g e th e r  
w ith  th o se  co n ta in in g  th e  c e l lu l a r  m a te r ia l d i r e c t  comparison o f th e  
spo ts  ob ta in ed  was p o ss ib le  in  each batch  th u s  le sse n in g  th e  need to  
c o n tro l r ig id ly  such f a c to r s  as tem poratui'e, tim e etc* which can a f f e c t  
r f  values*
The chrom atographic paper b es t su ite d  fo r  t h i s  techn ique i s  
Whatman’s ho*20 (P a tte rso n ,p e rso n a l communication) and was used in  th i s  
in s tan ce  in  squares (19*6 cm x 19*6 cm) w ith  h o le s  cu t in  each corner 
fo r  t).Aoir accommodation on th e  frame# The spot co n ta in in g  th e  c e l lu la r  
m a te r ia l  o r s tandard  s o lu tio n  was p laced  in  one co rner of th e  papez" 1%" 
from each margin* A m ix ture o f m ethano l/v /a to r/py rid ino(S 0 /20 /4 ) was 
used fo r  th e  f i r s t  dimension* S a tis fa c to ry  se p a ra tio n  was acheived 
a f t e r  e>qzosing th e  papers from fou r to  fou r and a h a lf  hours# A fter 
d ry in g /
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dry ing  a t  roora tem peratm ’e fo r  approxim ately f i f t e e n  m inutes th e  
second dim ension was run  fo r  s ix teen  and a h a l f  hours using  a 
so lv en t system of te r t-b u ta n o l/ra e th y l-e th y  1 -k e to n e /w a te r/d ie th y lam ine 
(40/ 40/ 20/ 4 ) «■ On removal from th e  second so lv en t system th e  cliroma- 
rbograms were allow ed to  di’y a t  room tem peratu re  and th en  p laced  in  a 
d re s s in g s ’ drum which was exjoosed to  flow ing steam to  allow  removal 
of any t r a c e s  of adsorbed d ie t iy lamine which could make th e  papers 
too  b as ic  fo r  good colour development # The papers were then  dipped 
in to  0*5!'' vr/v n inhydrin  so lu tio n  ( in  acetone) and th e  colour allow ed 
to  develop in  a warm room,
R esu lts
An exact t r a c in g  of th e  chromatogram of th e  standard  amino a c id  
m ixtm 'o i s  g iven in  F igu re  12, A spartic  a c id  and p ro lin e  were e a s i ly  
d e te c te d  showing up b lue  and yellow  re sp e c tiv e ly *  I  so -leu c in e  could 
be d is t in g u ish e d  from le u c in e  by i t s  pinlcer appearance although th i s  
was not always so obvious on th e  oin'omatograms of th e  c e l lu la r  
m a te r ia l ,  Oi^nithino was found to  occupy a p o s i t io n  between a rg in in e  
and ly s in e  but on th e  chromatograms of c e l lu l a r  m a te r ia l only a broad 
spot appeared in  t h i s  a re a  a ffo rd in g  no d i s t in c t io n  between ly s in e  and 
o rn ith in e ;  i t  was th e re fo re  la b e lle d  ly s in e /o r n i th in e ,  O ystine which 
appeared as a s in g le  e longated  spot on th e  standard  chromatogram 
occurred  as two spots jo in ed  f a in t ly  on th e  o th e r chromatograms#
A lto g e th er e igh teen  y e a s t s t r a in s ,  fora* of t e r r e s t r i a l  o r ig in  and 
th e  r e s t  marine i s o la te s ,  comjprising e ig h t d i f f e r e n t  sp ec ie s , were 
examined/
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FI_GURE 12 Tracing of chromatogram of standard mixture of amino
acids run a t room temperature -  ac tua l s ize .
133 •*
Gxajninad fo r  t h e i r  f r e e  amino a c id  co n ten t (see  Table 23); t h i s  
proved very ssimilar in  most ca ses . T yp ica l chroraatogi’ams fo r  s t r a in  
524, g J O o e d îjr i, and s tra in  6 o l, C ,.parapsilosis, are reproduced In 
F ig u res  13 and 14  ^ re s p e c tiv e ly .
Glutamic a c id , aspaarbic a c id , s e r in e , a la n in e , c y s tin e , g ly c in e , 
a rg in in e , g lutam ine, ly s in e /o rn i th in e ,  v a l in e , th reo n in e  and is o - le u c in e /  
le u c in e  were d e te c te d  in  every s t r a i n  te s te d  and only w ith  h is t id in e ,  
ty ro s in e , phenyla].anlne and p ro lin e  was any d if fe re n c e  of occurrence 
apparen t -  see Table 23 « N either m ethionine nor tryp to p h an  was 
d e te c te d  in  any of th e  s t r a in s  and p ro lin e  was found only in  s t r a i n  
314, G. p a r a p s i lo s is . L i t t l e  c o r r e la t io n  between th e se  d if fe re n c e s
and th e  sp ec ie s  or o r ig in a l  h a b i ta t  o f  th e  organism s i s  apparent and 
u n t i l  such tim e as a q u a n t i ta t iv e  study i s  undertaken  comparisons o f 
minor d if fe re n c e s  may be m islead ing  when only t r a c e  q u a n t i t ie s  a re  
invo lved .
A spot which has been la b e l le d  "unlcnown X” was found to  occur on 
th e  chromatograms of every s t r a i n  and having a  p o s i t io n  near th e  
o r ig in a l  spo t was thought to  be perhaps a p e p tid e  or some p ep tid e  
brealcdown p ro d u c t.
Conclusion
0» «TW w  mwt.'
In  view th e re fo re  of th e  s^ jn ilar q u a l i ta t iv e  com position of th e  
amino a c id  poo ls o f th o se  y e a s t s t r a in s  no s t r a i n  or even species 
d i f f e r e n t i a t io n  on t h i s  b a s is  seems p o ss ib le  but fu r th e r  work on a 
q u a n t i ta t iv e  b a s is  may prove more p r o f i ta b le  in  t h i s  re g a rd .
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Occurrence of p h en y la lan in e , h is t id in e ,  ty ro s in e  and p ro lin e  in  
y e a s ts : -
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D .subglobosus t r a c e
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FIGURE 13 Tracing of cliromatogram^ 524? Debaryomyces kloecker
run a t  room temy^erature -  a c tu a l  s iz e .
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i^4 Tracing of chromatogram, 601, Candida p a ra p s ilo s is^
run a t  room temperature -  ac tu a l size*:
'c:#
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Tl-K iM’iSOT OF SODIUM CHLORIDE OK tillOV.'TH . . . . .  . ^
In tro d u c tio nfCtÎjSiTlWT«r.-«irp|U,»ji*i*iMNI >esr6Vywil fmWhAfU l#
S a l in i ty  i s  an im portant e c o lo g ic a l f a c to r  in  th e  marine 
environment and th e  type  o f grouth  response produced by m arine- 
o ccu rrin g  m icro-organism s in  vary ing  co n c en tra tio n s  of sodiim ch lo rid e  
i s  f re q u e n tly  quoted as a taxonomic c h a r a c te r i s t ic  o f th e se  organisms*
Phaff e t  a t (195%) found w hile in v e s t ig a t in g  th e  y e a s t f lo r a  of
shrimps th a t  some of t h e i r  i s o la te s  were ab le  to  t o l e r a t e  up to  1 6 /  
u /v  sodium ch lo ride*  Bhat e t  al* (1955) made s m i l a r  f in d in g s  amongst 
y e a s t i s o la te s  from th e  Ind ian  Ocean, a lthough  some of them were ab le  
to  grow in  up to  2 1 /  vr/v NaOl* Taken as a  whole th e  group o f
is o la te s  of th e  l a t t e r  workers gi'ew w ell in  about tw ice th e  s a l t
co n c e n tra tio n  (14 -  1 6 / w/v) to le r a te d  by corresponding  t e r r e s t r i a l  
forms (7 9 /  w/v)* The f in d in g s  o f th e se  two fp?oups of workers
suggest th a t  y e a s ts  o f m arine o r ig in  a re  mainly eu ry h a lin e , i . e . ,  
capab le  o f growing in  a wide range of s a l i n i t y ,  and hence in  t h i s  
study i t  was deemed necessary  to  employ a wide range of sodium c h lo rid e  
co n c e n tra tio n s , i . e .  0*0 to  25*0/ w/v, when e s tim a tin g  maximum s a l t  
to le ran ce*
I t  was a lso  considered  an e s s e n t ia l  p a r t  o f t h i s  in v e s tig a tio n  
to  study th e  e f f e c t  o f  sodium c h lo rid e  on r a t e  o f growth and optimum 
c e l l  y ie ld  as w ell as on a b i l i t y  to  grow* F u rth e r , i t  was hoped to
d is t in g u is h  between " tru e "  m arine y e a s ts  and y e a s ts  o f t e r r e s t r i a l  
o r ig in /
13B
o r ig in  by comparing th o  e f f e c t  of NaGl on y e a s ts  i s o la te d  during  
t h i s  survey end on th o se  o f t e r r e s t r i a l  o r ig in .
(a) Groifbh responses and maximum to le ra n c e  to  v a rio u s  
c o n cen tra tio n s  o f sodium c h lo r id e
Methods :
I n i t i a l l y  growth responses were determ ined u sin g  a basal, medium 
o f "MIOP" b ro th  to  a l iq u o ts  of which were added'various co n c en tra tio n s  
of sodium c h lo r id e . P o rtio n s  of each so lu t io n  (9 ,0  ml) were p laced  
in  o p t ic a l ly  matched tubes to  which 1 ,0  ml o f  a s tan d ard  c e l l  
suspension  was added. A fte r th e  cu-ltures had been incubated  
unskalcen fo r  th e  re q u ire d  p e rio d  o f tim e growbh was determ ined 
t  u r  b id im etr ic  a l ly  in  an ab so rp tio m eter. Reproduo e a b i l l ty  of r e s u l t s  
by t h i s  method was poor. I t  became apparen t th a t  t h i s  v a r ia t io n  
between experim ents was caused by two main f a c to r s  -  s l ig h t  
d if fe re n c e s  in  th e  com position and co lour o f th e  v a rio u s  batches 
o f media and aH.so th e  e f f e c ts  of in cu b a tio n  in  a  s t a t i c  p o s it io n  
r e s u l t in g  in  poor mixing o f th e  c u l tu re  and l im i ta t io n  o f th e  oxygen 
supp ly .
These f a u l t s  were overcome by a g i ta t in g  th e  c u l tu re s  and by 










f  Y east w ater 
NaOl
De-io n ised  w ater to
pH a d ju s ted  to  5 .0  
^  (Yeast e x tra c t  0 .$ /  vx/v in  w ater)
0 ,5 /  w/v 
0 ,1 /  w/v 
0*05/ w/v 
0 ,0 1 /  \t/ v' 
1 .0 0 /  w/v 
2 .5 /  v /v  
as re q u ire d  
1 0 0 /
]%,oh medium held  in  20 ml p o r tio n s  in  50 ml c o n ica l f la s k s  
wa.s in o cu la ted  w ith  a  suspension o f c e l l s  (1*0 ml) co n ta in in g  
approxiuiiately 6 x 10^ c e l ls /m l p repared  from a thx^ee-day-old c u l tu re  
grown on "ÎÜGPS" agar a t  25^0. These c u l tu re s  were th en  incubated  
at. 25^0 on a  shale e r w ith  an am plitude o f 7 .5  cm., a t  60 cyc les/m in . 
Samples were removed from each f la s k  a f t e r  IS , 24, 42 and 4^ hours 
and th e  amount o f grovrîih estim ated  tu rb id ir a e tr ic a l ly  in  an Eel 
ab so rp tio m eter u sin g  a  n e u tra l  d en s ity  f i l t e r  and w ater as a  blanlc. 
O p tica l d en s ity  read in g s were r e la te d  to  th e  number o f c e l ls /m l by 
moans o f a  c a l ib r a t io n  curve*
C u ltu res  showing no m easureable grovrbh a f t e r  4^ hours were 
l e f t /
14 C
TABLE 24
The h ig h e s t c o n c e n tra tio n  o f sodium c h lo r id e  in  which groi-jth 
o ccu rred  a t  25 G and tim e when such gi'owth was o b served :-
S pecies and S tr a in  No.
H ighest % Time fo r  v i s ib le  
vr/v ÎJaGl alla*/- T u rb id ity  to  appear 
:in g  growth -  in  days
405 D*subglobosus 22 .0 17
325 " 20 .0 13
^NGYG 459 " 18 ,0 6
302 D .k lo eck eri 23 .0 25
3548 " 23 .0 18
281 * 22 .0 10
132 22 .0 19
246 s 22 .0 8
169 “ 22 .0 14
43 " 22 .0 13
^ NGYG 8 " 20 .0 21
67 T .fam ata 19 .0 13
^ NGYG 1 " 18 .0 10
189 P.membranaefaciens 22 .0 15
NGYG 54 14 .0 18
32 Ip Rh. g lu t in i s  var .ru b e  so ens 22 .0 8
2 4 %  " *» 18.0 10
^ RGST 92 R h .g lu tin is 14 .0 13
501 M .k r is s i i 19 ,0 10
62 C .p a ra p s ilo s is 18.0 13
309w '* 18 .0 10
158 " 18 .0 7
NGYG 601 19 .0 10
150 T .inconsp icua 15 .0 8
CBS 180 " 9 .0 14
318 T .inconsp icua  ( v a r . ) 11 .0 10
115 " " 11 .0 12
238 G. l ip o ly t i c  a (v/ar. ) 14 .0 19
3541. " " 14 .0 21
RGST 14/t. b .c a r ls b e rg e n s is 11 .0 18
BYl P .p u llu la n s . 9 .0 8
^ S tra in s  o f t e r r e s t r i a l  o r ig in .
ROST Royal C ollege o f S cience and Technology 
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l e f t  in  th e  in cu b a to r and th e  tim e noted when subsequent grovrbh 
appeared. In cu b atio n  was stopped a f te r  fo u r weeks and th e  h ig h est 
co n c e n tra tio n  o f NaOl a f fo rd in g  grovrth du ring  t h i s  p e rio d  was tak en  
as th e  maximum s a l t  to le ra n c e . S tra in s  te s te d  by t h i s  procedure ore 
in d ic a te d  in  Table 24* A number o f s t r a in s  were te s te d  only fo r  
maximum s a l t  to le ra n c e  and a re  a lso  in d ic a te d  in  Table 24.
R e su lts  I
A ll th e  s t r a in s  o f Debaryomyces k lo e c k e r l* in c lu d in g  s t r a i n  8 , 
th e  NOYO s t r a i n ,  gave a  s im ila r  groifbh p a t te r n  in  which th e  maximum 
y ie ld  o f c e l l s  a f t e r  48 hours occurred  in  1 .0  -  3*0^ w/v NaOl. S tr a in s  
246s , 281; 169, 43 and 302 (sea  F ig w e  15) e x h ib ite d  t h i s  g??owth peak 
in  2*0$ w/v HaGlj 354^ and 8 (see  F igure  16) in  1 .0 $  w/v NaOl and
132 in  3*0$ x /v  NaOl* Moximium c e l l  p ro d u c tio n  by any of th e se
c u l tu re s  never exceeded 6 x 10 c e l ls /m l.
S tra in s  150, 321p, 62, 189 (see  F igu re  1 7 ), 238, 144 and 54?
which re p re se n t o th e r  y e a s t species, ex h ib ite d  a  d :lffe ren t growth 
p a t te r n  in  which maximum growth occurred  in  th e  medium co n ta in in g  no 
sodium c h lo r id e . A sharp f a l l  in  c e l l  p ro d u c tio n  occurred  w ith  
in c re a s in g  co n c en tra tio n s  o f sodium c h lo r id e . The maximum y ie ld  of 
c e l l s  f o r  a l l  t h i s  group o f y e a s ts ,  except s t r a in s  150 and 144? was 
s ig n i f ic a n t ly  h ig h e r th an  th a t  a t ta in e d  by Debaryomyces k lo e c k e r i .
The tijne f o r  v i s ib le  tu r b id i ty  to  appear in  th e  h igher 
cone e n t r â t  io n s /
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co n c en tra tio n s  o f sodium cM .oride i s  noted in  Table 24* The h ig h est 
halO“ to le ra n c e  was ex h ib ited  by a l l  th e  s t r a in s  o f debaryomyces 
k lo e o k e ri. D* subglobosus and by s t r a i n  189, P lc h ia  membranaefaciens 
and s t r a i n  321p, Rhodotorula g lu t ln is  var .rubescens» Good p roduction  
o f pirdc pigment was m aintained  by th e  la s t-m en tio n ed  s t r a i n  in  th e se  
h igh  s a l t  c o n c e n tra tio n s . The tim e la p se  befo re  grovrth appeared a t 
th e  p o in ts  o f maxmum to le ra n c e  v a rie d  g re a t ly  among th e  s t r a in s  and 
no c o r r e la t io n  between tim e a.nd c o n c en tra tio n  i s  obvious. I t  was 
q u ite  n o tic e a b le  th a t  no m atte r how long th e  la g  phase, as soon as 
growth became obvious th e  subsequent growth was very  ra p id .
(b) Growth r a te s  in  varying co n cen tra tio n s  o f sodium ch lo rid e  
I n tro d u c tio n :
In  view o f th e  above-mentioned d if fe re n c e s  in  growth response 
between th e  s t r a in s  of D. k lo e c k e ri and th e  o th e r s t r a in s  te s te d  and 
th e  f a c t  th a t  ra p id  growth always follow ed a la g  p e rio d  in  th e  h igher 
sa3.t c o n c en tra tio n s , which p e rm itted  grovrfch o f c e r ta in  s t r a in s ,  i t  
was decided to  in v e s t ig a te  th e  growth r a te s  o f s t r a in s  4-3, D .k loeckeri 
and 189, P«m em branaefaciens, *in vary ing  co n c en tra tio n s  of sodium 
c h lo r id e .
Methods ;
Two s e r ie s  o f th re e  tubes w ith  70 ml o f medium "D", co n ta in in g  
l.O /', 1 ,0 ^  and 8 .0 ^  w/v MaCl, r e s p e c tiv e ly , were s t e r i l i s e d .  One 
s e r i e s /
14 ,6
s e r ie s  was in o c u la ted  w ith  1 .0  ml of a s tan d ard  c o l l  suspension of 
y e a s t s t r a in  4-3 and th e  o th er s e r ie s  s im ila r ly  w ith  s t r a in  189. The 
Gultuxes were incubated  a t  25^0 and mixed by a co n s tan t stream  of 
s t e r i l e  a i r .  Bamples were removed a t  f req u en t in te rv a ls  during  a 
p erio d  of approxim ately n in e ty  hour's and th e  number of c e lls /m l 
es tim ated  as in  ( a ) .
R e su lts :
The growth curves ob ta ined  fox** s t r a in  4-3, D .kloeckeri* grown
in  th e  p resence of 1 .0 ^ , 4-#0/^  and B»0% w/v NaCl in d ic a te  th a t  in  th e se
lower s a l t  co n c en tra tio n s  th e  r a t e  of growth d.ux*ing th e  exponen tia l 
phase was u n affec ted  but th e  d u ra tio n  of t h i s  lo g a rith m ic  gi'owth was 
decreased  s l ig h t ly  in  4*0% and q u ite  s ig n i f ic a n t ly  in  S*Q% w/v blaGl. 
Mee.sui'emonts of o%ybical d e n s ity  below th e  v alue  corresponding to  
1 X 10^ c e l ls /m l a re  not p o s s ib le  using  th e  d e l abso rp tiom eter b u t by 
e x tra p o la tio n  of th e  growth curves to  a base l i n e ,  re p re se n tin g  th e  
r a t e  o f in o c u la tio n , a s l ig h t  in c re ase  in  th e  la g  phase from 1 ,0  4 . 0K
was obvious and a much la rg e r  in c rease  was d isce rn ed  from 1 .0  « 8 .0 / ,  
(see F igu re  IB ), The gi-owth curves of s t r a i n  189, F.mem branaefaclens, 
ob ta ined  under s im ila r  co n d itio n s  e x h ib it a s im ilex  p a t te rn  to  those  
of s t r a in  43 except th a t  a g]?eater p ro lo n g a tio n  o f th e  la g  phase in  
8 ,0 /  was shown by th e  former s t r a in  (see F igure  19).
These experim ents a lso  rev ea led  th a t  s t r a i n  189 gave a h igher
c e l l  y ie ld  in  1 ,0  and 4*0 / w/v haCl (11.8 x  10^ and 8*8 x 10^’ c e l ls /m l,
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FIGURE 18 Grovrth curves o f s t r a in  43» D .k lo e c k e r i, in  media 
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FIGURE 19 Growth curves of s t r a in  189> F .membranaefaciens 
in  media co n ta in in g , 1 .0 , 4*0 and 8 .0 ?  w/v NaCl 
a t  25°C.
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ml, re s p e c tiv e ly )  th an  d id  s t r a i n  43 (7 ,2  x 10^ and 5 .6  x 10*^  c e l l s /  
ml, r e s p e c t iv e ly ) .  However, in  8 ,0 ?  w/v NaCl th e  maximmi c e l l  y ie ld  
of s t r a i n  43 (4 ,6  x 10^ c e lls /m l)  was h igher th an  th a t  fo r  s t r a in  
189 (3 ,6  X 10^ c e lls /m l)o
(c) Eff e c t  o f th e  n itro g e n  source on th e  r a t e  o f gTowbh 
in  sodium c h lo rid e  and on maximum h o lo - to le ra n c e
In tro d u c tio n s
During th e  p re se n t s tu d ie s  p re lim in ary  work showed th a t  i t  was 
advantageous to  use  sim ple media w ith ammonium su lp h a te  as th e  
notrogen sou rce . However, i t  was a p p rec ia ted  th a t  t h i s  might 
p rov ide  a  somewhat d i f f e r e n t  s e t  o f co n d itio n s  from th a t  p re v a il in g  
in  m arine w ate rs . Consequently i t  was considered  ad v isab le  to  
a s c e r ta in  whether th e  r e s u l t s  could  be in flu en ced  by th e  presence 
o f more complex sources of n itro g en .
Methods:
( i)  E ffec t on grovrbh r a t e :
A batch  o f d o u b le -s tren g th  medium ’'B*' co n ta in in g  10? w/v NaCl 
bu t minus ammonium su3.phate was p repared . This medium was d iv ided  
in to  f iv e  p a r ts  each o f which rece iv ed  a d i f f e r e n t  n itro g en  source 
in  amounts c a lc u la te d  to  g ive 0.0212? g n itro g en  in  th e  f i n a l  sing le- 
s tre n g th  m edia. The sources of n itro g en  were u rea , asp arag in e , 
pep tone, ammonium su lp h a te  and f i s h  e x t r a c t .  The la s t-m en tio n ed  
so u rce /
-  150 -
soui'oe was an aqueous e x tra c t  p repared  by m acerating  f i l l e t e d  
w h itin g  in  a Waring b lender, f i l t e r i n g  and u sin g  th e  f i l t r a t e .  The 
media were made up to  volume to  give s in g le - s tr e n g th  media and th e i r  
pH a d ju s te d  to  5 ,0  befo re  au to e lav in g . Three 70 ml a3.iquots o f media 
co n ta in in g  ammonium su lp h a te , u rea  and asp arag in e , re s p e c tiv e ly , were 
p laced  in  s t e r i l e  tubes which were th en  in o c u la ted  w ith  1 ,0  ml o f a 
s tan d ard  c e l l  suspension  of s t r a in  43, D .k lo eck eri, The c u ltu re s  
were th en  incubated  and th e  read in g s talcen as in  ( b ) . The e^cperiment 
was rep ea ted  w ith  th e  same y e a s t but u sin g  media co n ta in in g  ajnmonium 
su lp h a te , peptone and f i s h  e x tra c t ,  r e s p e c tiv e ly .
( i i )  E ffe c ts  on maximum h a lo -to le ra n c e :
F ive b a tches o f medium *’B'* were p repared  as fo r  th e  p rev ious 
t e s t  except th a t  a l iq u o ts  of each b a tch  of medium con ta ined  21 .0 ,
22*0, 23 .0  and 24»0? i\/v  NaOl, r e s p e c tiv e ly . P o rtio n s  of each 
s o lu t io n  (20 ml) were p laced  in  50 ml c o n ica l f la s k s  which were 
plugged and s te r i l i s e d *  The f la s k s  were in o c u la ted  w ith  1 .0  ml of 
s tan d a rd  c e l l  suspensions p repared  from y e a s t s t r a in s  189, 354b, 132 
and 321p, The f la s k s  were incubated  a t  25^0 on th e  shaker fo r  s ix  
weeks and th e  tim es a t  which th e  c u l tu re s  showed growkh were noted.
R e su lts :
The e f f e c ts  o f vary ing  th e  n itro g en  source on th e  growth of 
s t r a i n  43, D .k lo ec k e ri, grown in  th e  presence o f 5*0? w/v NaCl appear 
s im ila r  to  th o se  caused by vary ing  th e  NaOl c o n c e n tra tio n  when th e  
n itro g e n  source was ammonium su lp h a te  as in  th e  s e r ie s  above. The 
groinih/
3-51 ™
grovrth r a to  during  th e  exponen tia l phase v;as u n a ffec ted  but th e  
d u ra tio n  o f t h i s  phase v a rie d  g re a tly  v/ith th e  n itro g e n  source. A lso, 
th e  sh o r te r  th e  exj^onontial phase th e  sfflaller vjas th e  maximum c e l l  
y ie ld  and th e  lo n g er th e  apparen t la g  phase.
In  one s e t  of experim ents asparag ine  appears to  allow  b e t te r  
grovrth th an  ajnmonium su3.phate which i s  i t s e l f  b e t t e r  than  u rea  (see 
F ig u re  20 ). In  ano ther s e t  of experim ents ammonium su lp h a te  proved 
to  be a  poorer n itro g e n  soui'ce th an  f i s h  e x tra c t ,  vrhile peptone iras 
th e  b e s t (see  F ig u re  21).
D iscrepancies between th e  r e s u l t s  fo r  ammonium su lp h a te  in  th e  
two e^qreriments was most l ik e ly  due to  d if fe re n c e s  in  th e  r a t e  of 
a e ra t io n  in  th e  tvro t e s t s .  From th e se  in v e s t ig a t io n s  i t  can be 
concluded th a t  s h o r te r  la g  phases and h igher c e l l  y ie ld s  occur w ith  
peptone, f i s h  e x tra c t  and asparag ine  th an  w ith  ammonium su lp h a te  and 
u re a .
The tim e re q u ire d  fo r  growth to  o ccw , i f  any, during  s ix  v;eeks' 
in c u b a tio n  w ith  21 ,0 , 22*0, 23.0  and 2 4 ,0 ?  w/v MaCl, u sing  th e  f iv e  
d i f f e r e n t  n itro g en  sources v/ith y e a s t s t r a in s  189, 354b, 132 and 321p 
i s  g iven in  Table 25. The fou r y e a s ts  gi^own in  ammonium su lp h a te  
medium ex h ib ite d  th e  same h a lo - to le ra n c e  as found in  p rev ious t e s t s  
and l i s t e d  in  Table 24* There i s ,  however, some d if fe re n c e  in  th e  
p e rio d  o f tim e tak en  to  reach  th e se  p o in ts  o f maximum to le ra n c e  on 
t h e /
152 -
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FIGURE 20 Growth curves of strain 4-3, Debaryomyces kloeckeri, 
in 5*0% w/v NaCl, using asparagine, urea and 










F ish  e x tra c t 
Peptone
80 1006020 40
Time, in  hour
FIGURÉ 21 Growth curves of s t r a in  43$ D #kloeckeri,
in  5*0^_w/y NaGl, u sing rpep tone , f i s h  e x tra c t
ammonium, su lp h a te , a t  25vO
-  154 -
th e  tv/o occasions o f t e s t in g .  I t  could be p o s tu la te d  here  th a t  th e  
a b i l i t y  o f th e se  y e a s ts  to  grow in  a c e r ta in  co n c e n tra tio n  of NaOl 
under s tan d ard  co n d itio n s  i s  a s ta b le  c h a r a c te r i s t ic  of th e se  y e a s ts ,  
a lthough  th e  tim e tak en  to  i n i t i a t e  growth may be su b jec t to  sm all 
environm ental or inoculum changes.
The r e s u l t s  g iven in  Table 25 in d ic a te  th a t  t h i s  a b i l i t y  to  
t o l e r a t e  a c e r ta in  co n c en tra tio n  of NaOl can be a f fe c te d  by th e  
n a tu re  of th e  n itro g e n  source . F ish  e x tra c t  caused a  s ig n i f ic a n t  
in c re a se  in  to le ra n c e  from th a t  found u sin g  ammonium su lp h a te , whereas 
u rea  caused a decrease  in  to le ra n c e . Although asp arag in e  and peptone 
allow ed quicker growth to  occur they  proved no b e t te r  and in  some 
cases  poorer sources o f n itro g en  th an  ammonium su lp h a te  in  th e se  high 
s a l t  c o n c en tra tio n s .
(d) The e f f e c t  of s to rag e  on th e  meocimum h a lo - to le ra n c e  
In tro d u c tio n ;
R e su lts  ob ta in ed  by Mr ale and Bonar (1939) from a study o f film  
y e a s ts  from p ic k le  b r in e s  suggested th a t  a g radual decrease  in  th e  
s a l t  to le ra n c e  of th e  m icro-organism s occurred  a f t e r  two y e a rs ' 
s to rag e  on wort agar s lo p es . This may ex p la in  th e  somewhat lower 
v a lu es of maximum h a lo - to le ra n c e  of t e r r e s t r i a l  s t r a in s  th an  those  
o f th e  corresponding m arine s t r a in s  which were found by Bhat e t  a l ,  
(1955) and a lso  in  t h i s  p re se n t study (see  Table 24) as th e se  former 
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s t r a in s  had presiïinably, p rev ious to  te s t in g ,  undergone a long p e rio d  
o f la b o ra to ry  c u l t iv a t io n .  I t  was th e re fo re  decided to  in v e s t ig a te  
th e  e f f e c t s  on th e  maxmuni h a lo - to le ra n c e  of c e r ta in  y e a s t s t r a in s  of 
a  y e a r  »s s to rage on media co n ta in in g  vary ing  s a l t  c o n c e n tra tio n s .
R e s u l ts ;
S tra in s  43;» 13^, 321p, 62 and 150 were m ain ta ined  fo r  one y ear 
w ith  monthly subcu ltm ’ing  on '‘MÏGPS’' agar and ager co n ta in in g
4.0|?ü and 8 ,0 '/  w/v NaGl, r e s p e c t iv e ly . T es ts  fo r  maximum s a l t  
to le ra n c e  were th en  made as in  (a) and th e  r e s a l t s  a re  in d ic a te d  in  
Table 26,
TABLE 26
Maximura h a lo - to le ra n c e  of y e a s t s t r a in s  c u l t iv a te d  on media 
co n ta in in g  vary in g  co n cen tra tio n s  of NaCl fo r  tw elve m onths;-
Maximum haJ-o-to lerance a f t e r
tw elve months ' s to rag e  o n :-
S t r a in I n i t i a l  maximum MÏGP 'f I'KGP
No. S pecies h a lo - to le ra n c e MÏGFS IffiOP U% NaOl g^feO l
43 D .k lo eck e ri 22,0 22 .0 22 .0 22.0 22.0
132 22,0 22 .0 22 .0 21.0 20.0
321p R h .g lu t in is  v a r .
rubescons 22.0 21 .0 19.0 21.0 —  — -
62 G .p a ra p s llo s is  18.0 18 .0 18.0 17.0 16 .0
150 T, inconsp icua  15 .0 14 .0 14 .0 14.0 14.0
As can be seen, l i t t l e  or no change was found in  th e  maximum 
hal.O"t o l era,no e /
-  157 -
h a lo - to le ra n c e  of th e  organisms c u ltiire d  on "MYGPS” and a p a r t from 
321p which f a i l e d  to  su rv ive  on ”ICGP” agar co n ta in in g  8 /  w/v NaGl 
and ex h ib ite d  a somewhat lower to le ra n c e  a f te r  c u l t iv a t io n  on p la in  
"MYGP” agar, th e re  a lso  appeared to  bo l i t t l e  change in  th e  ha3.o- 
to le ra n c e  o f th e  m icro-organism s c u l t iv a te d  on th e  o th e r th re e  media, 
S tra in s  132 and 62, however, d id  e x h ib it s l ig h t ly  decreased  h a lo - 
to le ra n c e  w ith  in c re ased  s a l t  co n c en tra tio n  in  "MfGP” medium.
Conclusion
F igures p u b lish ed  by Rrak and Bonar (1939) and Phaff e t a l .  
(3-952) in d ic a te  th a t  th e  tâmie re q u ire d  fo r  v i s ib le  grovrth of y e a s ts  
to  appear increases as th e  co n c en tra tio n  of NaGl in  th e  medium i s  
r a is e d .  The p re se n t in v e s t ig a t io n  has su b s ta n tia te d  th e se  r e s u l t s  
and re v ea led  f u r th e r  th a t  as th e  co n c en tra tio n  o f NaOl in  th e  medium 
i s  in c reased  to  8 /  vz/v so th e  la g  phase in c re a se s  and th e  d u ra tio n  
of th e  ex p o n en tia l phase decreases w hile th e  r a t e  o f gr*ovrljh shows 
l i t t l e  or no change. The ex ten t o f th e se  changes may vary according  
to  th e  s t r a i n  being  s tu d ied .
The r e s u l t s  a lso  in d ic a te  th a t  th e  mmcimum co n c en tra tio n  of 
s a l t  to le ra ted , by th e se  y e a s ts  i s  a f e a tu re  o f th e  s t r a in  and th a t  
th e re  i s  a c o r r e la t io n  between th e  h a lo - to le ra n c e  of p a r t ic u la r  
sp ec ie s  is o la te d  from d if f e re n t  m arine lo c a tio n s .  S im ila r r e s u l t s  
vrere/
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were repox’‘te d  in  th e  case  of y e a s ts  is o la te d  from shrimps by Phaff 
e t  a l ,  (1952) and from food b rin e s  by Mrak and Bonar (1939), Drake e t 
a l ,  (1959) and E tc h e lls  e t  a l , (1961).
I t  can be seen from th e  above r e s u l t s  th a t  although a p a r t ic u la r  
s t r a in  w i l l  always to l e r a t e  th a  same order of s a l t  c o n c en tra tio n  th e  
tim e re q u ire d  to  achieve t h i s  may vary; t h i s  i s  d i f f i c u l t  to  ex p la in . 
One p o ss ib le  ex p lan a tio n  i s  th a t  th e  c u ltu re  re p re s e n ts  a heterogeneous 
p o p u la tio n , a l l  c e l l s  of which possess th e  c h a r a c te r i s t ic  necessary  to  
p la ce  i t  in  a s p e c if ic  rank but d i f f e r  in  o th e r d e t a i l s ,  and th e  high 
co n c e n tra tio n  of s a l t  e x e r ts  some form of s e le c t iv e  a c tio n . This 
type  of c u l tu re  i s  not unknown. For example^ s in g le  c e l l  i s o la te s  
from an' in d u s t r ia l  s t r a in  of y e a s t may be shown to  d i f f e r  in  th e i r  
in d iv id u a l r a te s  of fe rm en ta tio n  but a f a i r l y  co n s tan t amount of 
end-product i s  ob ta ined  ev en tu a lly  from most o f th e  i s o la te s  (M orris, 
p e rso n a l com munication).
At p re se n t th e re  i s  s t i l l  r e la t iv e ly  l i t t l e  known about th e  
p h y s io lo g ic a l changes ta k in g  p lace  in  th e  c e l l s  during  th e  le.g phase. 
Hence i t  i s  d i f f i c u l t  to  ex p la in  th e  in c re a se  in  d u ra tio n  of t h i s  
phase as th e  co n cen tra tio n  of s a l t  in  th e  medium i s  in c re ased . P eru sa l 
o f th e  l i t e r a t u r e  does, however, in d ic a te  a p o s s ib le  exp lana tion  in  
broad term s. Thus Takada (1956) and Tolberg and Pace (I960) showed 
th a t  th e  c o n c en tra tio n  of N ations in c reased  w ith in  th e  y e a s t c e l l  as 
th e  co n c en tra tio n  of NaOl i s  r a is e d  in  th e  growth media. Ingram (1938) 
a l s o /
3.59 “*
a lso  found th a t  th e  in te rn a l  oonee n t r â t ion  of Ma^  ions in  c e l l s  o f 
haccharomyces ce re v io ia e  in  v a rio u s  s a i l  so lu tio n s  was of th e  same 
o rder as th a t  of th e  e x te rn a l mecliimi over a range of 1-2 M. The 
r e s u l t s  o f Takada (1956) and Tolberg and Pace (I960) fu r th e r  in d ic a te  
th a t  as th e  co n cen tra tio n  o f NaCl i s  in c reased  in  th e  medium so th e  
ions in  th e  c e l l  -  bo th  f re e  and bound a re  rep la ce d , a t  l e a s t  
to  some e x te n t, by Na’’’ io n s , O nishi (1959) a lso  found th a t  c e l l s  
c u l t iv a te d  w ith  high co n cn e tra tio n s  o f NaGl con ta ined  much le s s  
K‘‘‘ ions th an  th o se  grown w ithout NaOl and Conway and Moore (1952) 
have d esc rib ed  th e  p roduction  of c e l l s  of Saccharomyces c e re v is ia e  in  
which 9 8 / o f th e  i n t r a c e l l a l a r  K*' ions were re p la c e d  by Na^ ' ions 
i . e . ,  "sodiujTi* y e a s ts ;  "ammonium" y e a s ts  were produced s im ila r ly .
];t seems probab le  then  th a t  in  in c reased  co n c en tra tio n s  of NaOl, Na'*' 
io n s somehow p e n e tra te  th e  c e l l  membrane and re p la c e  and o th e r  ions 
which, from th e  evidence o f Tolberg and Pace (I9 6 0 ), Takado (1956) 
and Takado and Taicuno (1958), may e x is t  in  d i f f e r e n t  c e l lu la r  
compartments.
Ingram (1957) has suggested th a t  h a lo p h ilio  b a c te r ia  su rv ive in  
h igh  co n c en tra tio n s  of s a l t  because they  p o ssess  ensymes adapted to  
h igh in t r a c e l l u la r  s a l t  c o n c en tra tio n s  and th a  same may a lso  be 
t r u e  of th e se  h c lo - to le ra n t  y e a s ts ,  which, as  th e  evidence su g g ests , 
a re  p o ik ilo sm o tic , i . e . , in t r a c e l lu la r  osmotic p re ssu re  can vary 
over a wide range, depending on th e  osmotic p i'es su re of th e  medium 
(Tolberg and Pace, I96 0 ). Thus th e  in c reased  la g  phase i s  probably  
due/
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due to  one ore a com bination o f th e  fo llow ing  f a c to r s  -  th e  trhne fo r  
preform ed enaymes to  become adapted to  to3,e:eate high s a l t  co ncen tra- 
s tio n e ; th e  tim e fo r  new to le r a n t  enaytae^s to  be formed; th e  tim e 
f o r  th e  development o f ensymes in  which Na’’ re p la c e d
The s tim u la to ry  e f f e c t  of complex organic n itro g e n  sources on 
th e  growth of th e  y e a s ts  has been dem onstrated and s-ijnilar e f f e c ts  
have a lso  been noted  w ith h a lo p h ilio  b a c te r ia  by Kat&nelson and 
Lochhead (1952), C ast©11 and Kappleback (1952) and Dassaulb and 
Lachance (1952). I t  has a lso  been shown th a t  th e se  m a te r ia ls  
in c re a se  th e  h a lo - to le ra n c e  of y e a s ts .  Thus, i t  would appear l ik e ly  
th a t  h igh  co n c en tra tio n s  of NaGl in te r f e r e  w ith  th e  m etabolic pathways 
concGrned w ith  th e  conversion  of sim ple sources of n itro g e n  to  in te rn a l  
am .ino-acids. T his hypo thesis i s  supported  by th e  o b se rv a tio n s of
Nagai (1953) who found lo s s  © x trac tab le  am lno-acids in  y e a s t s t r a in s  
showing poor fp?owth in  media co n ta in in g  h ig h er c o n cen tra tio n s  of NaGl.
The h a lo - to le ra n c e  of both  m arine y e a s ts  and o f c e r ta in  
t e r r e s t r i a l  y e a s ts  which so fm* as cen be estab3J.shed had no p rev ious 
h is to ry  of c o n tac t w ith  s a l t ,  in d ic a te  th a t  many s t r a in s  of y e a s t a re  
ab le  to  to l e r a t e  h igh  co n een tra tio n s  of s a l t .  The range of y e a s ts  
iso3-ated from food b r in e s  f u r th e r  i l l u s t r a t e s  t h i s  conc3.usion -  Jo s ly n  
(1927), Jo s ly n  and Cruess (1929/30), Hof (1935), ît?ak and Bonar (1938) 
(1939), Graham and H astings (19/^2), h tc h e lls  and B e ll (1950), Z en itan i 
(1952)? E bchells e t  a l .  (1953), G ostilow  e t  a l ,  (1954), d r alee e t a l .  
(1959)/
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(1959) E tc h e lls  e t  a l ,  (1961)® Furtherm ore, i t  i s  in te r e s t in g  to  
no te  th a t  in  many in s ta n c e s  th e  p a t te rn  of y e a s t  sp ec ies ob ta ined  
from such b r in e s  i s  s im ila r  to  th a t  ob ta ined  from marine sources 
during  t h i s  survey.
Although h igh  s a l t  to le re n o e  may not be in d ic a t iv e  of a  " tru e"  
m arine y e a s t th e  f a c t  th a t  th e  optimum c o n c e n tra tio n  of NaCl fo r  th e  
grovrfch of s t r a in s  of Debaryomyces k lo e ck e ri i s  approxim ately in  th e  
same o rder as th a t  in  th e  se a s , could be o f e c o lo g ic a l s ig n if ic a n c e , 
S im ila r  s a l t  p re fe ren ce s  have been ex h ib ite d  by some marine a lgae 
and fu n g i -  Vaisey (1954), R itc h ie  (1959), P ro v a so li (1958), Siepmann 
(1959), V ishniac (I9 6 0 ), MoLachlan (196l) “• a lthough  they  have much 
nai'rov;er l im i t s  of to le ra n c e  th an  th ese  y e a s ts .  However, th e  f a c t  
th a t  th e  t e r r e s t r i a l  s t r a i n  of D .k loeckeri behaved in  a s im ila r  manner 
to  th e  m arine i s o la te s  and th a t  re c e n tly  M erdinger and S hair (1962) 
found s t r a in s  o f Debaryomyces h an sen ii i s o la te d  from a t e r r e s t r i a l  
h a b i ta t  to  e x h ib it  optilmum grovrfch in  media co n ta in in g  2 -3 /  w/v NaGl 
as w ell as to le r a t in g  17 -1 8 / vj/v NaOl, does make i t  d i f f i c u l t  to  
uphold th e  co n ten tio n  th a t  th e  s t r a in s  of D .k lo eck eri a re  " tru e"  
marine y e a s ts  because they  e x h ib it optimum growth in  media co n ta in in g  
a sa3.t c o n c en tra tio n  s im ila r  to  th a t  of th e  se a s , iîtæ ther i t  i s  known 
th a t  D .k lo eck eri i s  commonly is o la te d  from food b r in e s  in  in lan d  
a rea s  f a r  from th e  sea .
The f in d in g s  d escrib ed  h e re , however, do i l l u s t r a t e  th a t  th e se  
y e a s ts /
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y e a s ts  a re  capab le  of su rv iv in g  in  both  fre sh -w a te r  and in  m arine 
s a l t-w a te r  i f  o th e r growth co n d itio n s  a re  fav o u rab le , e . g . , temperatux*e, 
food, pH, e tc .  In  t h i s  connection  i t  i s  a,lso in te r e s t in g  to  note th a t  
one of th e  s t r a in s  o f D .k lo ec k e ri, 281, which was is o la te d  from a 
salmon, re tu rn in g  from th e  sea , fo u rte e n  ml3.es up th e  R iver Dee, 
e x h ib ite d  th e  same s a l t  to le ra n c e  and o th e r c h a r a c te r i s t ic s  as th e  
m arine I s o la te s  and m ight preobably have been c a r r ie d  by th e  f i s h  from 
th e  sea . However, i t  does seem th a t  growth response to  vary ing  
cone e n t r â t  ions of s a l t  w i l l  not alone serve to  in d ic a te  th e  t ru e  
ec o lo g ic a l n iche of th e se  marine i s o la te s ,  even th o se  of D .k loeckeri,
I t  i s  w ell e s ta b lish e d  th a t  m arine t e l e o s t s  m ain ta in  a lower s a l t  
co n c en tra tio n  in  th e l i ’ body f lu id s  th an  th a t  o f th e  surrounding sea­
w ater and to  p rev en t dehydration  they a re  c o n tin u a lly  swallowing sea- 
watei% The s a l t  in g e s ted  w ith  t h i s  sea -w a te r, however, must be 
ex c re ted  and as no g rea t q u an tity  o f s a l t  has been d e te c te d  in  e i th e r  
th e  u r in e  or faec es  th e  ex is ten ce  o f " c h lo r id e -se c re tin g "  c e l l s  has 
been p o s tu la te d  (Baldwin, 1949). T his hypo thesis  has not y e t been 
confirm ed or r e je c te d  and onJy a  l i t t l e  evidence has accumulated to  
d a te  suggesting  th a t  th e se  c e l l s  may e x is t  in  th e  r e s p ir a to ry  
e p ith e l iu n  of th e  g i l l s  (Brown, 1951). I f  such c e l l s  do e x is t ,  
however, th ey  may be an im portant e c o lo g ic a l f a c to r  as th e  m icro- 
environment surrounding them w il l  have a  h igher s a l t  co n cen tra tio n  
t lu n  th e  sea-w ater and only a m ic ro -f lo ra  capable of to le r a t in g  th e se  
co n d itio n s  w i l l  stxrvlve a t  th e se  s i t e s .
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In tro d u c tio n
Over th e  whole survey approxim ately 8 0 /  o f th e  f i s h  sampled, 
com prising s ix te e n  sp e c ie s , have y ie ld e d  y e a s t c u l tu re s .  During th e  
e a r ly  s tag es  of th e  survey y e a s ts  were recovered  from only 6 6 / o f th e  
f i s h  but in  th e  l a t e r  s ta g e s , w ith  improved methods fo r  sajnpling and 
i s o la t io n ,  recovery  ro se  to  between 9 8 / and 100/. This seems in d ie  a- 
s t iv e  th a t  a l l  f i s h  caught in  th o se  n o rth ern  w aters can be expected 
to  harboi3r y e a s ts  in  th e i r  m ic ro -f lo ra . For reaso n s mentioned 
e a r l i e r  (see  page 26) no attem pt has boon made in  t h i s  survey to  
e s tiiiab e  q u a n t i ta t iv e ly  th e  y e a s t p o p u la tio n s o ccu rrin g  on th e  f i s h  
bu t th e  in d ic a t io n s  a re  th a t  r e la t iv e ly  sm all numbers may be involved 
s in ce  no s in g le  s i t e  of sampling in v a ria b ly  gave p o s i t iv e  r e s u l t s  -  
see Table 30.
The v a rio u s  f a c to r s  which may a f f e c t  t h i s  y e a s t f lo r a  both 
q u a n t i ta t iv e ly  and q u a l i ta t iv e ly  w il l  now be d iscu ssed  in  view of th e  
r e s u l t s  ob ta ined  in  t h i s  siuvey.
G eographical lo c a tio n  of f is h in g  ground
I t  can be seen from Table 27 th a t  s t r a in s  of D .k loeckeri were 
predom inant among th e  i s o la te s  from every lo c e tio n  o f sampling, w ithout 
excep tion . The occurrence o f o th e r sp ec ie s , however, and th e  
p ro p o rtio n  of i s o la te s  com prising them appear to  be r e la te d  mainly 
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Such d if fe re n c e s  in  th e  y ea s t f lo r a  o f f i s h  caught in  th e  Clyde 
Estuaryp in  th e  A tla n tic  Ocean o f f  th e  ea s t co ast o f Ice land  and in  
th e  North Sea a re  not a lto g e th e r  unexpected in  view of th e  p e c u lia r  
co n d itio n s  e x is t in g  in  each reg io n .
In  th e  Clyde Estuary  th e  m ic ro -f lo ra  o f th e  w ater surrounding
th e  f i s h  and hence o f th e  f i s h  i t s e l f  must be g re a t ly  in flu en ced  by
th e  c lo se  p rozlm ity  o f land  and th e  fre sh -w a te r  ou tflow . Both
t e r r e s t r i a l  and fz’esh-w ater y e a s ts  w il l  be in tro d u ced  in to  th e  e s tu a -
s r ln e  w aters where they  may siu’vive fo r  co n s id e rab le  p e rio d s  and some
may become so adapted  th a t  they  a re  capable o f p ro p ag atin g  them selves
in  t h i s  new environm ent, Evidence th a t  th is  may occui* comes from th e
d Br e s u l t s  o f C a p r io t t i  (.1962) who reco rded  th a t  e ig h ty  per c e n t , ,
o f th e  y e a s ts  is o la te d  by hjjn from s o i l s  in  c o a s ta l  reg io n s  o f F lo rid a  
bad a lso  been found in  e s tu a r in e  w aters and f i f t y  per c e n t , , in  o f f ­
shore w atei's in  th e  same reg io n . The f a c t  th a t  C a p r io t t i  found a 
h igher i^ercentage of th e  t e r r e s t r i a l  sp ec ie s  in  th e  e s tu a r in e  w aters 
i s  probably  due to  th e  more p le n t i f u l  supply of o rganic m a te r ia l and 
favomzable tem peratu res in  th e se  a rea s  compared w ith  th o se  in  o ff-sh o re  
w a te rs . These f a c to r s  may not only in flu en ce  th e  su rv iv a l of 
t e r r e s t r i a l  y e a s ts  but may promote an in c re a se  in  th e  numbers o f y e a s ts  
norm ally l iv in g  in  m arine w a te rs .
N otable f e a tu re s  of th e  y ea s t f lo r a  of f i s h  caught in  th e  Clyde 
Estuary  a re  th e  h igh  inc idence of T o ru lopsis  spn, « raaiuly T ,inconsD icua 
(var) ? and th e  absence of Hhodotorula sp p ,. and Debai\yomyces subglobosus. 
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both  of which were is o la te d  from f i s h  caught in  th e  o th e r two a re a s .
The absence of Rhodotorula sp p ., here  i s  s u rp r is in g  in  view of th e  
r e p o r ts  in  th e  l i t e r a t u r e  o f th e i r  w idespread m arine occurrence.
However ; th e  r e l i a b i l i t y  of t h i s  o b se rv a tio n  i s  supported by th e  f a c t  
th a t  no s t r a in s  of Rhodotor u la  sp p .j were is o la te d  from soa-w ater 
samples tak en  in  th e  same a re a . Of note izmongst th e  i s o la te s  from 
th e se  sea-w ater samples were s t r a in s  o f Metschnikov/ia k r i s s i i  (van 
Hdan and G astelo -branco) nov.oomb,, and p sy ch ro p h ilic  s t r a in s  of 
Cryptocoecus spp *
In  th e  A tla n tic j  o f f  th e  e a s t co as t of Ice lan d , probably th e  
most im portan t f a c to r  in f lu e n c in g  th e  y e a s t f lo r a  i s  th e  North A tla n tic  
D r i f t  which o r ig in a te s  from th e  Gulf Stream and b rin g s  su p p lie s  of 
e a s i ly  a s s im ila b le  organic m a te r ia l from th e  sou thern  reg io n s  (W aiford, 
1958), and a lso  r a i s e s  th e  w ater tem peratu re  by a few degrees.
In  t h i s  connection  i t  i s  o f in t e r e s t  to  no te  th a t  in  oceanic w aters 
o f f  South F lo r id a , an a rea  through which th e  Gulf Stream p asses , Roth 
e t  a l .  (1962) found D .k loeckeri and C .p a ra p s ilo s is  to  be th e  y ea s t 
sp ec ie s  o f th e  most w idespread occurrence. In t h i s  sinrvey th e  former 
sp ec ie s  was found to  have th e  gi'eat e s t in c id en ce  o f occurrence and to  
coiuprisQ th e  la rg e s t  p ro p o rtio n  of y e a s t i s o la te s  from f i s h  caught in  
a l l  th re e  of th e  f is h in g  grounds. G .p a ra p s ilo s is . a lthough a lso  
d e tec ted  on f i s h  from a l l  th e se  a re a s , vras found in  a s ig n i f ic a n t ly  
sm aller p ro p o rtio n  of f i s h  in  th e  North Sea, an a rea  le s s  in fluenced  
b y /
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by th e  Gulf Stream than  th e  o th e r two lo c a tio n s . However, u n t i l  
more in fo rm atio n  i s  a v a ila b le  concerning th e  y e a s t f lo r a  of f i s h  in  
a rea s  not touched by th e  Gulf Stream th e  in f lu e n c e  of t h i s  cu rre n t 
can only be co n jec tu red . Most n o tab le  in  th e  y e a s t i s o la te s  from 
f i s h  caught o f f  Ice lan d  i s  th e  high inc idence  of Rhodotorula sp p ., 
and th e  ex c lu siv e  occurrence of s t r a in s  resem bling  sp ec ies of Candida.
S tra in s  resem bling  Candida l ip o ly t i c a  and c l a s s i f i e d  as 
Go l ip o ly t ic a  (var) were found only on th e  f i s h  caught in  th e  North 
Sea and, as montioned above, th e  sm aller in c id en ce  of G ^za rap silo s is  
th a n  in  th e  o th e r a rea s  i s  another f e a tu re  of t h i s  re g io n . S evera l 
o f th e  sp ec ie s  d e te c te d  on f i s h  in  t h i s  a re a  have a lso  been d e tec ted  
in  sea-weed and rock -poo ls  found on th e  shore near Aberdeen (see 
T able 11,) and a lso  on salmon caught and sampled a t  Park, 14 m iles 
up th e  R iver Dee, A berdeenshire, i . e . ,  R h .g lu tin is  v a r.ru b escen s ,
Ï . Candida, Rh.m ucilaginosa and D .k lo eck eri, S ince th e se  f i s h  were 
sv;irmning u p - r iv e r  from th e  sea to  spawn i t  may w ell be th a t  th e  y e a s t 
f l o r a  c a r r ie d  by them was l i t t l e  changed from th a t  when they  were in  
th e  sea; i f  such i s  th e  case  a more thorough in v e s t ig a t io n  of th e i r  
y e a s t  f lo r a  in  co n ju n ctio n  w ith th a t  of th e  seas may help to  e lu c id a te  
some f a c t s  concerning th e  s e a - l i f e  of t h i s  f i s h  about which l i t t l e  i s  
known.
The p o ss ib le  l im i ta t io n  of th e  occurrence o f d i f f e r e n t  s t r a in s  of 
a p a r t ic u la r  sp ec ie s  to  c e r ta in  geograph ical a rea s  has a lso  been 
s tu d ied  u sing  th e  groupings of each sp ec ies  in  th e  Appendix as 
in d ic a t io n s /
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in d ic a t io n s  of p o s s ib le  s t r a in  v a r ia t io n  w ith in  th a t  sp e c ie s . 
D .k lo eck eri i s  th e  only sp ec ies whose i s o la te s  were ab le  to  be 
grouped in  r e l a t iv e ly  la rg e  numbers and i t  can be seen th a t  most 
of th e se  groups co n ta in  i s o la te s  from a t  l e a s t  two d if f e r e n t  a rea s , 
th u s  p rec lu d in g  th e  p o ss ib le  geograph ical l im i ta t io n  of similoi" 
s t r a in s  of t h i s  sp e c ie s . However, fu r th e r  study of tho  y ea s t f lo r a  
o f sea-w ater in  each reg io n  of seuTipling i s  necessary  s in ce , i f  i t  
could be shown th a t  no such overlapp ing  of y e a s t grouping and 
geographic lo c a tio n  occurs, then  s t r a in  d if fe re n c e s  may be a guide 
to  f i s h  m ig ra tio n . Few of th e  i s o la te s  o f th e  o th e r  sp ec ies which 
occurred  in  d i f f e r e n t  a rea s  in  la rg e  enough numbers to  allow  s t r a in  
com parison were found to  resem ble each o th e r , i . e .  G .p a ra o s ilo s is , 
Rh.g3.utin i s  v ar.ru b escen s  and R h.m ucilaginosa, th u s  malting s t r a in  
com parison in  th e  same and d if f e r e n t  a rea s  f o r  th e se  sp ec ies  .impossible 
However, i t  i s  in te r e s t in g  to  no te  th a t  th e  few s t r a in s  of T .incon- 
rsp icu a  (v a r .)  is o la te d  in  th e  North Sea f a l l  in to  a s in g le  group 
which d if fe re d  from th e  o th e r gîroups com prising th e  i s o la te s  o f th i s  
sp ec ie s  from th e  Clyde E stu a ry .
F ish  Species
As can be seen in  Table 28, every type  of f i s h  sampled in  t h i s  
survey has y ie ld e d  y e a s ts .  A reaso n ab le  nunber of haddock, p la ic e , 
cod, so le , w h iting  and sk a te  have been examined and th e  inc idence  of 
occurrence of y e a s ts  from each kind of f i s h  was never more or le s s  
th a n /
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th a n  te n  p er c e n t . , from th e  average fo r  th e  t o t a l  number of f i s h  
examined, i ,e * ,  8 0 /. As sm aller numbers only of dab, m ackerel, 
w itch , d o g fish , s a i th e , hake, gurnard, bream, l in g  and tu rb o t were 
examined th e re  i s  no j u s t i f i c a t i o n  fo r  an a n a ly s is  of each type, but 
c o l le c t iv e ly  y e a s ts  were found on approxim ately 7 9 /  o f th e se  f i s h .
TABLE 28




A tla n tic No.oi f i s h  Percentage of
F ish North o ff Clyde w ith f i s h  w ith
S pecies Sea Ice lan d
«6<fTWO*4 UM
Estuary T o ta l yeast
r.* . #r>*
y e a s ts
Haddock 4 3 13 22 16 73
God 2 3 12 17 13 76
P la ic  Q 4 - 10 14 10 71
Sole 4 2 5 11 8 73
W hiting 3 — 7 10 9 90
S kate 4 - 3 9 7 78
IhSea Dab 4 3 4 3 )
Ling 1 -* - 1 1 )
Mackerel 4 4 4 4 )
Witch 1 3 4 4 ) C o lle c tiv e
D ogfish - 3 3 2 ) percen tage = 79
Gurnard 2 - 1 3 3 )
Hake a. 2 3 2 )
S a ith e - 1 2 3 2 )
Bream - 3 3 1 )
Turbot 1 - 1 1 )
The percen tage  occurrence of d i f f e r e n t  y e a s t sp ec ies  amongst th e  
i s o la te s  from a p a r t ic u la r  sp ec ies  of f i s h  a re  p resen ted  in  Table 29. 
A ll ty p es of f i s h ,  except one of which only a s in g le  sample was 
a v a i la b le /
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a v a ila b le ,  y ie ld e d  c u l tu re s  of D .k loeckeri in  vary ing  p ro p o rtio n s  of 
theic* t o t a l  I s o la te s ,  i . e . ,  2 5 / -  lo o ^ .
Only cod and haddock, which were sampled in  reasonab ly  s im ila r  
p ro p o rtio n s  in  th e  d if f e r e n t  a rea s  (see  Table 2 8 ), can be compared 
w ith  re s p e c t to  th e i r  m ic ro -f lo ra  a t  th e  same tim e e lim in a tin g  th e  
f a c to r  of geograph ica l v a r ia t io n  of th e  sp e c ie s . I t  i s  in te r e s t in g  to  
n o te , th e re fo re ,  when such a comparison i s  made th a t  a  q u a n t i ta t iv e  
d if fe re n c e  in  th e  occurrence i s  In d ica ted  in  th e  cases  o f 
0#p a ra p s i lo s is  and D .k lo eck eri, i . e . ,  3 3 / and 2 7 /, re s p e c tiv e ly , on 
cod and 1 6 / and 46/  r e s p e c t iv e ly , on haddock.
The f a c t  th a t  d i f f e r e n t  f i s h  species may c a rry  t h e i r  own chorac- 
: t e r i s t i c  y e a s t f lo r a  s t i l l  does not account f o r  th e  geographical 
d if fe re n c e s  mentioned above as in  some cases y e a s t s t r a in s  found in  
r e l a t iv e ly  h igh  numbers on a p a r t ic u la r  f i s h  sp ec ie s  in  one a rea  
could no t be d e tec ted  on th e  soJiie f i s h  sp ec ie s  in  ano ther a re a , e .g . ,  
Rhodotorula sp p ., found on th e  haddock, p la ic e ,  so le , cod, m ackerel 
and hake (see  Table 27) in  th e  North Sea and A tla n tic  were not found 
on f i s h  of th e  same sp ec ies tak en  from th e  Clyde E stuary . S im ila r ly , 
T o ru lo p sis  sp p ., were not found on f i s h  tak en  from th e  A tla n tic ,  o f f  
Ice lan d , although  they  were found on th e  same f i s h  sp ec ies  in  th e  
Worth Sea and Clyde E stuary .
Using th e  groupings o f th e  sp ec ies  in  th e  Appendix to  in d ic a te  
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p o s s ib le  s t r a i n  v a r ia t io n  th e re  appeared to  be no l in k  between type  
o f s t r a i n  and f i s h  sp ec ie s  from which they  were is o la te d .
L ocation o f sampling on f i s h
As was to  be expected th e  inc idence  o f y e a s t occurrence was 
found to  be h ig h es t in  th e  samples tak en  from th e  f i s h  sk in , follow ed 
by th e  g i l l s  and th en  in  a co nsiderab ly  lower p ro p o rtio n , th e  faeces  ~ 
see Table 30. As in d ic a te d  in  Table 30, mouth samples were taken  
only from f i s h  caught in  th e  North Boa and proved to  have an almost 
s3jTiil6ir y e a s t inc idence  as samples from th e  g i l l s .
As can be seen in  Table 31, th e  f lo r a  o f th e  g i l l s ,  sk in  and 
faeces  appear to  be s u b s ta n t ia l ly  a l ik e  in  s p e c if ic a t io n  although 
th e  to ta l, absence of T. inconsp icua (var) in  th e  sk in  i s o la te s  from 
f i s h  oaugilt, in  th e  North Sea i s  perhaps n o ta b le . Also o f in t e r e s t  
i s  th e  f a c t  th a t  th e  number of y e a s t sp ec ie s  d e te c te d  in  th e  sk in  
samples was g]? ea t e s t  ^  tm other in d ic a t io n  perha%)s of th e  in flu en ce  
o f sea-w ater on th i s  lo c a tio n  and a lso  th a t  of th e  tra w lin g  p ro - 
scedures. The sl:Une la y e r  covering  th e  f i s h  may a lso  be conducive 
to  th e  p ro p ag atio n  of a v a rie d  y e a s t f lo r a .
C onclusion .
In  view of th e  lim ite d  scope of t h i s  survey i t  i s  r e a l i s e d  th a t  
f in d in g s  d escrib ed  here  reg ard in g  th e  in f lu en c e  of such fa c to rs  as 
geograph ica l lo c a t io n  of f is h in g  ground, sp ec ie s  o f f i s h  and lo c a tio n  
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to  th e  t r u e  p ic tu re  o f th e  q u a l i ta t iv e  and q u a n t i ta t iv e  occurrence 
o f y ea s ta  on marine fish *  From b a c te r io lo g ic a l  s tu d ie s  of m arine 
f i s h  th e re  i s ,  however, some evidence to  support th e  in d ic a tio n s  of 
th e  r e s u l t s  ob ta ined  in  t h i s  study* The f a c t  th a t  more m esophilic 
b a c te r ia  have been found on f i s h  caught in  warmer izaters th an  in  
th o se  w aters around B r i ta in  (Shewan, 1961) where more p sy ch ro p h ilic  
tyqies have been found, does in d ic a te  th a t  a geograph ical d is t r ib u t io n  
can occu r, a t  l e a s t  based on tem peratu re d if fé re n c e .
The occurrence of c h a r a c te r i s t ic  b a c te r ia l  f lo ra ^  on f i s h  i s ,  
however, a more c o n tro v e rs ia l  p o in t. Wood (1953) s ta te d  th a t  th e  
m ic ro -f lo ra e  of A u stra lian  te lo o s ts  were c h a ra c te r is e d  by a la rg e  
number o f r 'ic roooco i and th a t  of th e  olasmobranchs by a preponderance 
of foryneform s and he b e le iv ed  th a t  t h i s  d if fe re n c e  was r e la te d  to  
th e  c o n s t i tu t io n  o f th e  slim e la y e rs  which v a rie d  from f is h  to  f i s h .  
L is to n  (3.957, 1955), on th e  o th e r hand, found no such marked 
d if fe re n c e s  between th e  m ic ro -f lo ra e  of sk a te  and so le , an elasmo- 
:branch and te le o s t  re s p e c tiv e ly , which were caught o ff  Aberdeen* 
Forking w itn  fre sh -w a te r  f i s h  P o tte r  and Baker (1961) a lso  in d ic a te d  
th a t  they  found no re la t io n s h ip  between th e  com position o f m icro- 
f lo r a  is o la te d  and th e  typo of f i s h  sampled, d ec en tly , however, 
L is to n  and Oo3.well (1961) re p o rte d  th a t  th ey  had found evidence to  
in d ic a te  th a r  th e  b a c te r ia l  f lo r a  of marine in v e r te b ra te s  i s  z 'e la ted  
to  th e  sp ec ies  of anrlmal.
A nother/
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Another f a c to r  in f lu en c in g  th e  m ic ro -f lo ra  o f f i s h  i s  th a t  of 
season. B a c te r io lo g ic a l evidence suggests th a t  not only i s  th e  
m ic ro -f lo ra  o f f i s h  a f fe c te d  q u a n t i ta t iv e ly  by t h i s  f a c to r  (Shewan, 
1961) bu t a lso  q u a l i ta t iv e ly  (L is to n , 1955: G eorgala, 1958). Dé 
S i lv a  (1960) re p o rte d  th a t  h igher numbers o f y e a s ts  were d e tec ted  in  
th e  North Sea in  J u ly , 1956 than  in  th e  fo llow ing  October and i f  such 
v a r ia t io n s  a lso  occur q u a l i ta t iv e ly  t h i s  could ex p la in  in  p a r t  th e  
d if fe re n c e  in  y e a s t f lo r a  ob ta ined  in  th e  v a rio u s  gî/ounds during  th i s  
survey , i . e . ,  c o l le c t io n s  were made in  th e  Clyde Estuary in  May and 
June , in  th e  North Sea in  Ju ly  and in  th e  A tla n tic  in  September.
I t  seems, th e re fo re ,  in  view of a l l  th e  v a r ia b le s  d iscu ssed , 
th a t  only by in c re a s in g  th e  scope of in v e s t ig a t io n  along th e  l in e s  
o f  th e  p re se n t study can th e  r o le  o f th e se  f a c to r s  be e lu c id a te d .
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S U M H A R ï
In  th e  In tro d u c tio n , l i t e r a t u r e  reg a rd in g  th e  occurrence and 
com position o f th e  y e a s t f lo r a  of m arine f i s h  and o th e r p a r ts  o f th e  
m arine environment has been review ed.
The ex p e rm en ta l work i s  d iv ided  in to  th re e  s e c t io n s : -
1) C o lle c tio n  and m aintenance o f y e a s ts  from th e  m arine environment
2) I d e n t i f ic a t io n  o f i s o la te s  according  to  th e  system of Lodder and 
K reger-van R i j ( 1952)
3 )F u rth e r s tu d ie s  of th e  p ro p e r tie s  of th e se  i s o la te s
1) A lto g e th er from vario u s m arine sources 235 y e a s t c u ltu re s  have 
been c o l le c te d  and of th e se , during  th i s  survey, 189 were is o la te d  
from m arine f i s h  and 11 from sea-w a te r. The rem aining 35 were 
c o n tr ib u te d  to  th e  c o l le c t io n  by o th e r w orkers. Improved methods 
fo r  sampling and i s o la t io n  of th e se  y e a s ts  a re  d esc rib ed .
2) The 213 i s o la te s  from m arine f i s h  were found to  com prise e ig h t 
genera -  Debaryomyces. T o ru lo p s is . Candida. Rhodotoru la ,  P ich ia , 
T r ichosporon, Cryptocoecus and P ull u l a r i a . F o r ty - f iv e  p e rc e n t, of 
th e se  i s o la te s  were c l a s s i f i e d  as D .k lo e c k e r i . T. inconsp icu a(v a r )
..  I II "I in.wiirw  W.i . . . I  ■ i w w i —i. nw»
and C.p a r a p s i lo s ls  each comprised 1 1 / r e s p e c t iv e ly .
The 22 i s o la te s  from o th e r m arine sources belonged to  th e  same 
genera as th e  f i s h  i s o la te s  and in  a d d itio n  f iv e  of th e  eleven s t r a in s  
i s o la te d  from sea-watex* samples in  t h i s  survey were c l a s s i f i e d  as 
Metschnikowia k r i s s i i (vanUden and O astelo-bra.noo) nov. comb.
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Although most o f th e  is o la te s  agreed c lo s e ly  w ith  th e  d e s c r ip tio n s  
o f  th e  ty p e  sp e c ie s  some d if fe re n c e s  were obvious and th e se  have been 
d iscu ssed  in  th e  l ig h t  o f p o ss ib le  s t r a in  v a r ia t io n  w ith in  th e  species#
3) A ll th e  s t r a in s  were su b jec ted  to  f u r th e r  t e s t s  o th e r th an  
th o se  proposed by Lodder and K reger-van R ij (1952)# The r e s u l t s  o f 
th e se  t e s t s  and t h e i r  p robab le  value in  e s ta b lis h in g  s t r a i n  v a r ia t io n  
a re  discussed#
The use o f in f r a - r e d  spectrophotom etry in  th e  study o f th e  y e a s t 
i s o la te s  has been in v e s tig a te d  and th e  r e s u l t s  in d ic a te  th a t  th e  
sp e c tra  of whole c e l l s ,  so lu b le  and in so lu b le  c e l lu l a r  m a te r ia l a re  o f 
l i t t l e  v a lue  fo r  sp ec ies  or s t r a i n  d if fe re n tia t io n #  I t  was co n jee- 
stuieod th a t  id e n t ic a l  ce llu læ ?  components producing s p e c if ic  sp e c tra  
occur in  th e  d i f f e r e n t  sp ec ies  and mask th e  e f f e c ts  of d if fe re n c e s  in  
o th e r  c e l lu l a r  components#
The free -am in o -ac id  poo ls o f c e r ta in  o f th e  m arine i s o la te s  and 
t e r r e s t r i a l  s t r a in s  o f corresponding sp ec ie s  were found to  co n ta in  a t  
l e a s t  14 am ino-acids# Apart from d if fe re n c e s  in  th e  occurrence o f 
ac id s  p re se n t only in  t r a c e  q u a n t i t ie s ,  no q u a l i ta t iv e  d if fe re n c e s  in  
th e  com position of th e  poo ls o f th e  m arine and t e r r e s t r i a l  s t r a in s  
were found and th u s  s t r a i n  c h a ra c te r is a t io n  on t h i s  b a s is  was impracti™ 
scable#
The maximum co n c en tra tio n  o f NaCl to le r a te d  by th e  m arine i s o la te s  
was found to  be a  featu3?e of each s t r a in  and th e re  was a c o r r e la t io n  
reg a rd in g  h a lo - to le ra n c e  among s t r a in s  o f a  p a r t ic u la r  sp ec ies  I so la te d  
from /
179
from d i f f e r e n t  m arine lo ca tio n s»  Complex o rgan ic  n itro g en  sources 
were found to  s t in u la t e  h a lo -to le ra n c e  in  th e  i s o l a t e s .  As th e  
c o n c e n tra tio n  o f NaGl was in c reased  in  th e  growth medium a pro longa- 
î t i o n  in  th e  y e a s ts ' la g  .phase was observed bu t t h e i r  growth r a t e  
rem ained f a i r l y  c o n s ta n t# S tra in s  o f D .k lo eck eri were found to  e x h ib it 
optim ol growbh in  media co n ta in in g  1 .0  to  3 ,0 /  NaCl, whereas th e  o th e r 
sp ec ie s  te s te d  grew b e s t w ithout NaOl*
The th e s i s  concludes w ith  a d isc u ss io n  concerning  th e  occurrence 
and sp ec ies  d i s t r ib u t io n  of th e  y e a s ts  is o la te d  during  t h i s  survey.
Sk in  samples had th e  h ig h e s t Incidence o f y e a s t occurrence; th e  
samples from th e  g i l l s  and mouth ex h ib ite d  th e  next h ig h es t inc idence  
o f y e a s t and wore follow ed by those  from th e  faec es  where a much lower 
va lu e  was reco rd ed .
Without excep tion  D .k loeckeri was th e  predom inant sp ec ies in  every 
geograph ica l lo c a tio n  o f sam pling, whereas th e  occurrence o f th e  o th e r 
sp ec ie s  and th e  p ro p o rtio n  of i s o la te s  com prising them v a rie d  w ith in  
th e se  a re a s . Resu3-ts a lso  in d ic a te  th a t  d i f f e r e n t  f i s h  sp ec ies may 
c a rry  th e i r  own c h a r a c te r i s t ic  y e a s t f lo r a .
-  180
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CLASS D’ICATION OF ISOLATES
S tr a in s t r a i n
No. G lass i f  ie  a t  ion No. Olas s i f i c a t  ion
2 Candida p a ra p s i lo s is 150 T o ru lo p sis  inconsp icua
1 Debai*yomyc0s k lo e ck e ri 157 Debaryomyces k lo e c k e ri
8 Candida p a r a p s i lo s is 158 Candida p a ra p s i lo s is
11 - Debaryomyces k lo e c k e ri 159 Debaryomyces k lo e c k e r i
13 Candida p a ra p s i lo s is 160 T o ru lo p sis  inoonsp icua(var)
15 - Debaryomyees k lo e ck e ri 161 Debaryomyces k lo e c k e r i
21 Candida p a ra p s i lo s is 164 ti It
24 Debaryomyces k lo e ck e ri 16$ It It
31 Candida p a ra p s i lo s is 166 T o ru lo p sis  inG onspicua(var)
34 « a Debaryomyces k lo e c k e r i 167 It It It
39 - It It 169 Debaryomyces k lo e ck e ri
41 - II 1 170 T oru lopsis  inconsp icua(var)
42 — T o ru lo p sis  Candida 175 It It n
43 Debaryomyces k lo e c k e r i 176 Debaryomyces k lo e c k e r i
46 II It 177 ri It
49 II II 179 U n id en tified
50 It II 181 T o ru lo p sis  inconsp icua (var)
52 II (1 182 U n id en tified
53 It It 183 Debaryomyces k lo e c k e r i
59 ■1 1 185 — ft It
62 Candida p a ra p s i lo s is 187 - T o ru lo p sis  inconsp icua(var)
63 Debaryomyces Icloeckeri 188 P ic h ia  membranaefaciens
65 T oru lopsis  inconspicua 189 It It
66 « It It 190 • * T o ru lo p sis  inconsp icua (var.)
67 T oru lo p sis  fam ata 191 Candida p a ra p s i lo s is
68 - Debaryomyces k lo e c k e ri 192 T oru lopsis  inconsp icua(var)
102 « Candida p a ra p s i lo s is 193 ft It It
103 Debaryomyces k lo e ck e ri 194 tt It It
104 T o ru lo p sis  inconsp icua 195. DebOTyomyces k lo e c k e ri
107 T o ru lo p sis  inconsp icua(var) 196 T orulop s is  inc onsp ic u a (var )
108 It It II 197 It It It
112 It It It 301 Debaryomyces k lo e c k e ri
115 - It It It 302 It It
117 - Candida p a ra p s i lo s is 302p R hodotorula g lu t in is  v a r .
120 ■ » It It rubescene
130 Debaryomyces k lo e c k e ri 303 mm Debaryomyces subglobosus
131 It It 304 It It
132 It It 305 mm Debaiyomyces k lo e ck e ri
134 - T o ru lo p sis  inconsp icua(var) 306 It 1
136 ft It 307 It It
146 Debaryomyces k lo e ck e ri 308s T o ru lo p sis  fam ata
147 It It 308m - Debaryomyces k lo e ck e ri
148 » It It 309v; Candida p a ra p s i lo s is
-  194 -
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C la s s i f ic a t io n
Rhodotorula g lu t in i s  
v a r . rubescens 
Debaryomyces k lo e c k e r i 
Candida p a ra p s i lo s is  
Jebaryomyoes k lo e c k e r i
II tt
Rhodotorula g lu t in is  
v a r . rubescens 
T o ru lo p sis  inconsp icua(var) 
Debaryomyces k lo e c k e r i
If tt
It u
R hodotorula g lu t in i s  
v a r . rubescens 
Debaryomyces k lo e c k e r i 
Debaryomyces subglobosus
II II
Debaryomyces k lo e c k e r i 
Rhodotorula muc i la g in o sa 
T o ru lo p sis  Candida 
R hodotorula m ucilaginosa 
Debaryomyces k lo e c k e r i 
Rhodotorula g lu t in is  
v a r . rubescens 




Debai'yomyces k lo e c k e r i 
T oru lopsis  Candida 
Debaryomyces k lo e c k e r i
Candida l ip o ly t ic a (v a r )
Debaiyomyces k lo e c k e r i
n tt
Candida l ip o ly t ic a (v a r )  












































C la s s i f ic a t io n
Debaryomyces k lo e c k e r i
It It
T o ru lo p sis  inco n sp icu a(v a r ) 
Debaryomyc 0s k lo  ecker i  
T oru lopsis  inconsp icua(var) 
Debaryomyces k lo e c k e r i
It It
1 it
Candida l ip o ly t ic a (v a r )  
Debaryomyces k lo e c k e r i 
Candida l ip o ly t ic a (v a r )  
Candida " '*
T o ru lopsis  fam ata 
Debaryomyces k lo e c k e r i 
Candida l ip o ly t  i c a (v a r ) 
Debaryomyces k lo e c k e r i
It II
Candida l ip o ly t  i c a (v a r ) 
T o ru lo p sis  inconsp icua(var) 
Debaryomyces k lo e c k e r i 
T oru lopsis  inconsp icua(var) 
Debaryomyces k lo e c k e r i 
Candida l ip o ly t  i c a (v a r ) 
Rhodotorula g lu t in i s  
v a r . rubescens 
Debaryomyces k lo e c k e r i 
Candida zeylanoides 
Debaryomyc e s k lo  ec ker i  
Candida sp ec ies 
Rliodotorula minuta 
Debaryomyces k lo e ck e r1
II ;i
Candida p a ra p s i lo s is  
Candida species 
Debaryomyces k lo e c k e ri 
Candida parap s i lo  s i s  
Candida species 
)ebaryoiTiyces k lo e c k e r i 
Candida species 
Candida p a ra p s i lo s is  
Debaryomyc os subglobosus 
andida parap s i lo  s i s  
Rhodot or u la  g lu t in i s  
v a r . ru b 0 scons
195
Lt r a i n S tra in
Mo, C la s s i f ic a t io n No, C la s s i f ic a t io n
423m " Debaryomyces k lo e c k e r i 1114 D ebaryomyc 0 s k lo  ec ker i
423s - Candida p a ra p s i lo s is 1131 Rhodotorula g lu t in is
423p « Rhodotorii3.a g lu t in is v a r , rubescens
v a r , rubescens 1301 Rhodot o ru la  g lu t in i s
424s - Debaryomyces k lo e c k e r i v e r , rubescens
424R - Candida species BYl « P u l lu la r ia  p u llu lo n s
424p “* R hodotorula ru b ra BY2 — Il tt
425 - Debaryomyc e s k lo  ec ker i T2 Candida p a ra p s i lo s is
427m - Il II T4 us Il 1
427 s Candida species T6 ■n» II II
427r - Rhodotorula m ueilaginosa T7 Il II
427p - ti II 846 T o ru lopsis  fam ata
428w - Debaryomyces k lo e c k e r i 845 — Il If
42Bp «* R hodotorula g lu t in i s 40red Rhodotorula g lu t in i s
v a r • rubesc ens var* rubescens
429 - Candida p a ra p s i lo s is T4Ü T oru lopsis Candida
443w ■*» Debaryomyces k lo e c k e r i 12pink a Rhodotorula g lu t in is
443p - Rhodotorula g lu t in is v a r . ruboscens
v a r . rubescens L ig h tI •ït Candida p a ra p s i lo s is
450p - R hodotorula ru b ra L ig h tl l -, Il !t
45 Ow - Debaryomyces kï o eck eri 43/6 T oru lo p sis  p seu d aria
402 T oru lopsis p seu d aria 117A « l 'u l lu la r ia  p u llu la n s
405 - Debaryomyces subglobosus ::ar3 C andida 1 ip  o ly  t  le  a ( v.'ir )
407 - Cryptococcus d if f lu e n s Her7 - Il II îi
Y3 - Debaryomyces k lo e c k e r i 501 M etschnikowia I c r is s i i
Y ll - Il tt 502 T richosporon cutaneura
154 « Il ti v a r . rnultisporum
254 - Rhodot o ru la  g lu t in i s 503 T richosporon k r i s s i i
v a r , rubescens v a r , rnultisporum
279 T oru lopsis  Candida 504 Debaryomyces k lo e c k e ri
281 - Debaiyomyces k lo e c k e ri 5C5 Dotschnikowia k r i s s i i
431 - Il II 506 Il it
llOS "" Rhodotorula ru b ra 507 Cryptococcus d if f lu e n s
1109 "■ Rhodotorula m ucilaginosa 508 •* Metschnikowia k r i s s i i
1110 — Il II 509 Il n
1111 - Il II 510 «• Cryptococcus a lb id u s
1112 « Rhodotorula g lu t in i s 511 Cryptococcus L a u re n tii
v a r , rubescens
1113 ™ Trichosporon, p u llu lo n s
196
c a ^ARl:,Oii; OF THa VARIülir; ISOUTiM COMRRISING TfiE YEAST COLLECTION
I':,'H .Jii;CRIl'TIO:i. (F 7H.i TYPE SPGOI ÏLJÜ D. GROUPIRGi 0.R Tib ISOLf TC
'iüg .^  i:PÆlÆ> ACJlRC IMG TO T Rh:R_DlRI'WjUG RROP R T IE l:-
EP {GIIB«WK W»« W* w*!., •» ,*4 là M I«  k 1 «IT, 'AGE
A) Debaryomyces k lo e ck e ri 197 M) R hodotorula mucila™
3) Debaryomyces subglobosus 201
-g in o sa 226
G) T o ru lo p sis  inconspicua 203
M Rhodotorula ru b ra 228




Rhodotorula m inuta 
P ic h ia  membranaefa-
229
a) T o ru lo p sis  Candida 207
-c io n s 230
f ) T or* ulop s is  f  ama.ta 209
'-Î.J T riehosporon p u llu la n s 231
G) T o ru lo p sis  p seu d aria 211
R Trichosporon cutaneura . 
v a r , rnultisporum 231
11) Candida p a ra p s i lo s is 214 p] Gxyptococcus a lb id u s 232
I) ■andida. l i p  oly  t  ic a  (var ) 218 T Gryptococcus lau i"en tii 232
J ) Candida zeylanoldes 219 ]J Cryptococcus d if f lu e n s 233
K) Candida sp ec ies 220 V : Jet schnikowia k r i s s i i 234
L) Rhodotorula g lu t in i s  
var # rubescens 223
iJ
X
P u l lu la r ia  p u llu la n s  
Unident i f ie d  s t r a in s
236
237
®* 1 9 7  ™
a) Pebaryomyces k lo e c k e ri
Type sp ec ie s  -  a f te r  I,odder and K reger-van Ri;] (3-932)
The n in e ty - s ig h t i s o la te s  f i t t i n g  th e  d escr.ip tio n  o f th e  type sp ec ies  
a l l  re q u ire d  b io t in  fo r  growth? were unable to  s p l i t  f a t  nor liq u e fy  
g e la t in  and u t i l i s e d  th e  fo llow ing  tid d itio n a l carbon compounds ■-> xylose? 
r a f f  inose^X.*-..)rabinosG?ÎVmannitol?mannose? s a lic in ?  s o r b i to l  and g ly c e ro l, 
Laminar in? .fucose? and in u lin  were not u t i l is e d *  D iffe rences were noted 
amongst th e  i s o la te s  w:lth reg ard  to  fe rm en ta tio n  of sugars and a b i l i t y  
to  s p l i t  a rb u tin  both of wliich a re  v a r ia b le  c h a r a c te r i s t ic s  of th e  type  
species* D iffe ren ces wore a lso  noted in  th e  range o f tem peratu re 
p e rm ittin g  growth. Us.ing th e se  d .ifferericos th e  i s o la te s  have been 
p laced  in  n ine Groups as in d ic a te d  below and th e  numbers o f th e  i s o la te s  
com prising th e se  Groups to g e th e r  w ith  th e i r  re s p e c tiv e  c e l l  measurements 







No. o f 










(ïl ue 0 s e 5 suc r  0 s e ( wk )
Ax“bu'bin
S p l i t t in g
Range of Temperatm^e 
p o rm ittin g  Growth 
( in  OG)
4 “ 30
4 -  42Glucose •i*
Glucose(wk) 'I * 4 -  37
Glucose(wk) ■1* 4 “ 30
Hone - I - 4. — 4-2
None
_t 4 -  37
Hone 4 " 4 -  30
Hone 4 -  37
Hone 4 -  30
-  198 -





on m alt wort agar in  m alt wort
lower






U n i t s
1 132 2 .5 3 3 ,0 3 .1 X 3 . 7 5 . 0 , 5 . 5 3 . 0 , 3 . 5 3 * 8 X 4* 4 5 . 0 , 5 . 5
176 2 . 5 , 3 . 0 3 .1 X 3 . 7 4. Op 4*. 5 2 . 5 , 3 . 0 3*8 )C 4.3 5 .0 ,6*0
347 2*Op2*0 3 . 2 -X- 3 . 7 4 . 5 , 5 .0 2 . 5 » 2 . 5 3 . 2  X  3 . 7 5 . 0 , 5 . 5
360 2*5,2*5 3 .6 X 4 .0 5 . 5 , 5 . 5 2 . 5 , 2 . 5 3*3 X 3*7 5*0 ,5 .0
3 7 3 . 0 , 3 . 5 3 . 5 X 4*0 4 . 0 , 5 . 0 2 . 5 , 3 . 5 3 . 2 X 4*1 4 . 5*5 .0
11 2 * 0 g 2 * 0 2 . 9 3 .2 4. Op 5 .0 1 . 5 , 1.5 2 . 8 X 3 . 2 4*0,6 .5
15 3 . 0 , 3 . 5 3 . 7 X 4.8 4 . 5, 6*0 2 * 5 , 3 . 5 3*6 X 4*3 4 . 5 ; 5 . 5
43 3 . 0 , 3 . 5 3 . 6 z  'A* 0 5 . 0 , 5 . 5 2 . 5 , 4 * 0 3 . 8 X 4*2 5 * 0 , 5 ; 5
46 3 . 0 , 3 . 5 3 . 8 X 4.3 5 . 5 , 6 . 0 2 . 5 , 3 . 5 4 .0 X 4*6 5 . 0 , 5 . 5
49 2 * 0 , 2 * 5 3 . 9 X 4 . 2 5 .5 ,6 .0 2*5 ,2 .5 3 .8 X 4*3 5 . 5 , 5 . 5
53 2*5,2*5 3 . 3 X  3*6 4,. 5, 6*0 1 . 5, 2 .0 3 . 2 X 3*3 4 * 5 , 5 . 5
130 2 . 5 , 2 . 5 3 .6 X 3 .9 5 . 0 , 5 . 0 2 . 0 , 2 . 5 3 . 8 X 4 .4 5 *0, 6*0
131 2 * 5 , 2 * 5 3 .6 X 3 .4 6.0 ,6*5 2 . 5 , 2 , 5 3 . 2 X 3 .7 5 . 5 , 5 * 5
146 2 . 5 , 2 , 5 3 . 8 3C 4 .1 5 . 0 , 5 * 5 2 . 5 , 3 . 0 4 * 0 X 4*4 5*5 ,7 .0
302 2 * 0 , 2 * 0 3 . 9 X 4*3 5 . 0 , 5 . 0 2 . 5 , 2 . 5 3.5 X 3 . 7 5 * 0 , 5 . 0
319 3 . 0 , 3 . 0 3 . 1 3C 3 . 8 4 .5 ,5 .0 3 . 0 , 3 . 0 3*4 X 3 . 8 4*0, 5*0
3418 2 * 0 , 2 * 0 3*4 X 3(7 4*5 ,5 .0 2 . 0 , 2 * 5 3 .3 X 3*7 4 * 5 , 4 . 5
371 1 .5 ,3 .0 3 . 8 X 4 .4 5*5 ,6 .0 2 * 5 , 3 . 0 3 .6 X 4 .1 5 * 0 , 5 . 5
212 3 . 5 , 3 . 5 3 * 8 X 4 . 3 5 , 0 , 5 * 5 2 . 5 , 5 . 0 3*7 X 4 .9 5 .0 ,6 .0
235 2 * 0 , 2 . 0 3 . 3 X 3.5 5 . 5 , 5 . 5 2 . 5, 3 .0 3*4 X 3 .9 4 . 5 , 5 * 5
4 164 2 * 5 , 2 * 5 2 .9 X 3 .2 4*5,5*0 2 . 5 , 2.5 3*4 X 3 .7 5 . 5 , 5 . 5
169 2 * 5 , 2 . 5 3*5 X 3 .9 5 * 0 , 5 * 5 3 . 0 , 3 . 0 3*8 X 4*2 5 * 0 , 7 , 0
183 1 . 5 , 2 . 0 3 .4  % 3 .7 4 . 5 , 5 * 0 2 . 5 , 2 . 5 3 .7 X 4*0 5*5,6*0
185 2 . 5 , 2 * 5 3 . 7 X 4*1 5*5,6*5 2 * 5 , 2 . 5 3 .8 X 4*1 5*5,6*0
1 9 5 2 . 5 , 3 . 5 3 . 5 X 3 .9 4 * 5 , 5 . 0 3 .0 ,3 * 0 3*7 X 4.3 5. 0 . 6*0
227 2 . 0 , 2 . 0 3 .4  X  4.8 5 . 0 , 5 . 0 1 * 5 , 1 . 5 3*4 % 3 .9 5 * 0 , 5 . 5
3 3 8 2 .5 ,2*5 3.5 X. 3 . 8 4 * 5 , 5 . 0 2 .0 ,3*0 3 * 3  X  3 . 7 4 * 0 , 5 . 0
3 3 3 2*0 ,2 .0 3 . 1 X 3*4 5*5,6 .0 2 .0 ,2 .0 3 . 1  X  3 * 6 4 . 5 , 5 . 0
3 2 9 w 2 .5 ,3 * 0 3 .4  X 3 .9 5. 5, 6 .0 2 .5 ,3 * 0 3 .6  % 3*9 5 .0 ,6*0
3 1 1 2 * 5 , 2 , 5 3 .6 X 3 . 8 5 . 5 , 5 . 5 2 . 5 , 2 . 5 3 . 5 X 3 . 7 4*5,4*5
45 W 2 * 5 , 3 . 0 3 . 6 X 3 .9 5*0, 5 .0 2 . 5 , 2 . 5 3 * 6 X 3 .9 5 * 0 , 5 . 0
420/n 2 . 5 , 2 . 5 3 . 5 X 3 .9 5*0 ,6 .0 2 .5 ,2 .5 3 * 5  z  3*9 5 . 0 , 5 . 5
5 301 2 .5 ,2 .5 3 .3 X  3 . 5 5 . 0 , 5 * 5 2 . 0 , 2 . 0 3*4^ X 3 .5 4* 5,5*0
3 3 6 1 . 5 , 2 . 0 3.5 3C 3 . 8 4* 5,5 * 0 2 . 0 , 2 .5 3 * 1 X 3.5 4* 0,4*5
6 2 8 1 3 . 0 , 3 . 0 3 . 2  X  3 . 5 4*5,6*0 1 .0 ,2 .0 3*0 X 3 .2 5 * 0 , 7 .0
431 1 .5 ,1 .5 2 * 9 X 3 .1 4 .5 ,6 .0 2 . 0 , 2 . 0 3 .2 X 3 * 8 5*5,6,5
Y ll 1 . 0 , 1 * 5 3 . 2  % 3 . 4 5 . 0 , 6 .0 1 . 0 , 1 . 5 2 . 9 X 3*3 5 . 0 , 5 * 0
Y54 1.5 ,1*5 3 .1 X 3 . 2 5 . 0 , 5 . 5 1 .5 ,1 .5 3.3 X 3*7 4 . 5 , 5 * 5








' iM tw WWW ■ wiftar .^^ taTP-a •
7
on 
lo u e r  
l im i t s
m alt wort agar
mean upper 
1 ill i t s
147 2 . 5 , 3 , 0 4*0 X 4 * 6 5 . 596,0
1/^8 2 .0 ,2 .5 3 . 7 X 4 *  0 5*0,5 .5
157 2 .5 ,2 .5 2 . 9 X 3 . 3 5 . 0 , 6 . 0
1 7 7 2 . 5 , 2 . 5 3 .2 X 3.5 4 . 5, 5 . 5
305 2 . 5 , 2 . 5 3 .8 4 * 1 6 . 0 , 7 . 0
342 2 . 0 , 2 . 0 3 .3 % 3 .6 5 .0 ,5 . 5
343 2 .5 ,2 . 5 3 . 6 X 3 .8 5 .0 ,5 .5
2 1 9 2 . 0 , 2 . 5 2 . 9 X 3 . 3 4 . 0 , 5 . 0
3 5 4 s 2 . 0 , 2 . 5 3 .5 X 3 .8 5 * 5 , 6 . 0
242 2 .5 ,2 .5 3 .6 X 4.2 5 .5 ,6 .0
208 2 . 5, 2 .5 3 . 7 2C 4 . 1 4 . 5,5 .0
3/*5 2 ,5 ,3 .0 3 . 5 X 4  * 0 4 * 5 , 5 . 5
345 2 .5 ,2 .5 3 * 1 X 3 . 6 5 . 0 , 5 . 0
3 4 4 2 . 5 , 3 . 0 3 * 3 X 3 . 7 4*5 ,5 . 0
321w 2 , 0 , 2 . 0 3 .4 X 3 . 7
4 4 3 w 2 .5 ,2 .5 3 * 6 X 3 .9 5 . 0, 6 .0
504 2 .5 ,2 .5 3 . 7 X 4 * 1 5 . 055.5
3 4 2 .5 ,2 .5  3 . 8  X  4 * 1  5 * 5 , 7 . 0
3 9 2 .5 ,3 .5 4 .0 X 4.7 4 .5 f7 .3
41 3 .0 ,3 .5 4 .0 Xi 4 . 7 6 . 0 ; 7 . 0
50 2 .5 ,2 .5 3 .6 X 4 * 2 5. 0 , 7 . 0
52 2 . 5 , 2 .5 3 * 4 X 3 . 7 4 . 0 , 5.0
59 2 .5 ,2 .5 3 .6 X 4* * i* 4 * 5 , 5  « 5
6 3 2 .5 ,2 .5 3 .5 X 4.1 5 * 0 , 6 , 0
6 8 2 .5 ,2 .5 4 .1 X 4 . 7 5 . 0 , 7 . 0
159 2 .5 ,2 .5 3 . 7 4>. i*' 5 . 5 , 6 .0
1 6 1 2 .0 * 2 .0 3 .2 X 3 .4 4- .  5 , 4 . 5
1 6 5 3 .0 ,3 .0 3 * 6 X 3.7 4  * 0 , 4'» 5
306 2 .5 ,2 .5 3 .8 X 4 .0 5 .0 ,5 .5
3 0 7 2 .5 ,3 .0 4 »  0 X 4 * 3 5 * 0 , 6 . 5
308m 2 .5 ,3 .5 3 . 7 X 4.2 5 . 0 ,5 .5
3 1 7 u 2 .5 ,2 .5 3 . 7 X 3 . 9 4 * 5 , 5 * 5
322 2 .0 ,2 .0 3 .3 X 3 * 5 5 .0 ,5 .5
331 2 . 5 , 3 . 0 4.5 X 4 * 8 5 . 5 , 6 * 5
341# 2 .0 ,2 .5 3 .0 X 3 * 4 4 * 5 , 5 * 0
2 0 7 2 . 0 ,2 .0 3 . 1 X 3 .5 4 »  0 , 4.5
214 2 .5 ,2 .5 3 .3 X 3 .5 5 .5 ,5 .5
2 2 2 2 .0 ,2 .0 3 * 4 - X 3 . 7 5 . 0 , 5 . 0
224 2 .0 ,2 .0 3 . 2 X 3 .6 4*® 0 , 4 . 5
231 2 . 0 , 2 . 0 3 . 2 X 3 .6 4 .5 ,5 .0
236 2 .0 ,2 .5 2 . 9 X 3 .3 5 . 0 ,5 .0
246s 3 .0 ,3 .0 3 .6 X 4*2 5 . 0 , 5 * 5
24tBw 2 . 5 , 2 . 5 3 . 9 X 4* 4- 3 .5 , 5 . 5
417m 2 .5 ,2 .5 3 .9 X 4*. x*!* 5 . 5 , 6 . 0
421s 2 .5 ,2 .5 3 . 9 X 4.3 5 . 0 , 5 . 5
423m 2 .5 ,2 .5 3 . 3 X 3 . 8 5 * 0 , 5*5
424s 2 .0 ,2 .5 3 . 6 X 3 . 6 5 .0 ,5 .5
mean
in  m alt wort 
lox-rer 
l im i t s
2 .5 .2 .5
2 .5 .3 .0
2 .0 .2 .5
2 .5 .2 .5
2 .0 .2 .0  
2 .0 ,2*  0
2 .5 .2 .5
2 .5 .2 .5
2 .5 .2 .5
2 .5 .2 .5
2 .5 .3 .0
2 .5 .3 .0
2 .5 .2 .5
3 .0 .3 .0
2 .0 .2 .0  
2 .0 ,2 .0  
2 .0,2 . 0
2 .0 .2 .5
2 .5 .3 .5
3 .0 .3 .5
2 .5 .2 .5  
2 .5 ,2*5
2 .5 .2 .5
3 .0 .3 .0
2 .5 .3 .5
2 .5 .2 .5
2 .0 .2 .5
2 .5 .2 .5
2 .5 .2 .5
2 .5 .3 .0
3 .0 .3 .5
2 .5 .2 .5
2 .0 .2 . 0
2 .5 .3 .0
2 .5 .2 .5
2 .5 .2 .5
2 .5 .2 .5  
2.0,2 .0
1 .5 .1 .5
2 .5 .2 .5  
2.0,2 .0
2 .5 .3 .5
2 .5 .3 .0
2 .5 .3 .0
2 .5 .3 .0
2 .5 .2 .5
2 .5 .2 .5
3 . 9 X 4 . 3
3 * 6 X 3 . 9
4 * 1 X 4.6
3 . 7 X 3 . 9
3 . 3 X 3 . 6
3 . 2 X 3 . 6
3 . 6 3C 3 . 8
3 . 0 X 3 . 9
3 * 3 X 3 .8
3 . 3 X 3 . 8
3 . 6 X 4 .1
3 . 6 X 4 * 0
3 . 6 X 4 .0
3 . 6 X 4 .0
3 . 6 X 3 . 8
3 .4 X 3 . 8
3 . 9 X 4.2
3 . 7  X  4 .0
3 . 7 X 4 * 4
3 . 9 X 4 * 5
3.8 X 4 * 2
3 . 9 X 4 * 4 -
3 . 8 X 4 * 3
3 . 8 X 4.2
4 .0 X 4 . 8
3 * 4 X 3 . 9
4 .0 X 4 .3
3 * 8 X 3 . 9
3 * 6 X 3 .8
3 . 8 X 4 * 1
3 . 6 X 4 . 1
3 * 6 X 3 . 9
3 . 5 X 3 . 7
4* * 4" X 5 . 0
3 * 4 X 3 . 7
3 . 7 X 4 * 0
3 . 0 X 3 . 6
3 . 3 X 3 * 7
3 . 5 X 3 . 9
3 . 7 X 4.1
3 .3 X 3 . 7
3 . 7 X 4 * 3
4 .1 X 4 * 6
3 . 6 X 4 .0
3 .5 X 3 . 9
3 . 5 X 3 . 9




l im i t s
5.5,12.0  
0 , 5 . 5  
0 , 5 . 5
5 . 0 . 5 . 5
4 . 5 . 5 . 0
5.0.6 .0
6 . 0 . 7 . 0  
4 . 5 , 5 * 5  
4 *  5  f  5 . 0
4. 0. 4 . 5
4 *  5 , p  *  0
4 . 5 .5 .0
5 . 0 . 5 . 5
5 . 0 . 5 . 5
4 . 535.5
5 .0 .5 .0
5 . 0 . 5 . 5
5 . 0 . 5 . 5
5 . 0 . 5 . 5  
6 # 0 , 6 * 5
5. 0. 6 .0
5 . 5 . 6 . 0
5 . 5 . 5 . 5
6 . 0 . 7 . 0
5 . 5 . 6 . 5
5 . 0 . 5 . 5
5 . 0 . 5 . 5
5 . 0 . 5 . 5
5 . 0 . 5 . 5
5 . 0 . 5 . 5
5 . 0 . 5 . 5  
4 * 5 , 6 . C  
4 * 5 , 5 . 5
6 . 5 . 7 . 5
4 .0 .5 .0
5.0.6.0  
4 * 5 , 5 . 0  
5*0 ,5 .0
5 .5 .6 .0
5 .0 .5 .0
4 . 0. 4 .5
5 .0 .5 .0
5. 5 . 6 .0  
5 * 0 , 5 . 5
5 . 5 . 5 . 5
5 . 5 . 6 . 0  








:t r a i n on m alt wort a
Ho. low er me^ m UppGI'
11mi t s l im i ts
427m 2 . 5 g 3 .0 3 . 5 X 3e 8 4 .5 ,5 .0
42ow o n 2 .5 3 # 4 3. 9 5 .0 ,5 .5
* v.B- ‘ ‘i t.. j.a
24 2 .0 , 2 . 0 3 .4 X 3 . 9 4 .5 ,5 .5
316 2 .5 , 2 .5 3 .1 X 3 . 5 4 .0 ,5 .0
1 1 1 4 2 . 0, 2 .5 3 * 6 )C 3 , 7 5 .0 ,5 .5
335  ' 1 .5 , 2 .0 2 .7 X 3 . 2 4 .5 ,5 .5
209 *i r -*** J) p2 .0 2 .6 :c 2 . 7 3 .5 ,3 .5
320 2 .5  g2.5 3 , 6 }C 3* 8 5 . 5 , 5 . 5
425 2 .  5 g2.5 3 . 6 X 3 . 9 4 ,5 ,5 .0
419m 2 .5 , 2.5 3 .4 X 3 , 8 4# 5 , 5 *  0
418 2 .5 , 2 .5 3 , 8 X 4* 2 4 .5 ,5 ,5
 irp mal.t i-mrt
lo u e r  mean
l im i t s
3* 0 ,3 .0  4 .0  X 4»3
2 .0 ,2 .5  3 .3  X 3 .8
2 10? 2 .0  
2 .5 ,3 .0
2.0,2.0
/ i  $  V ^  é'\^  Q 1,3
Upper
I m i t s
T.5 ,6 .0  
4* 5#5* D'
2  •  ^ g 2  * u 3 . 5
X 3 . B 5 . 0 , 5 . 5
X 4 . 2 4 , 5g) 5 . C
X 3 , 5 4 *5 , 5 . 0
X 3 , I-AI) 5 eO, 5 . 5
X 3* 4 4-.5 , 5 . 0
X 4* 0 5 ♦5 , 6* 0
X 4". 2 6 . 0 , 6 . 5
X 3 . 9 5 • Og 6* 0
X 3 . B 5 .5 , 5 . 5
I tra in . .103 uas los'b o e îo re  a i l  th e  t e  e t s ooiil'l bo performed Ijut resem bl 
sed Ck-*oups 3 and A. most c lo se ly  by ferm enting g lucose weakly and 
sp lit 'b  ing 01‘b u t in .
™ 201 »
B) OebarvomjceB subglobosus
Type sp ec ie s  -  a f te r  fodder and K reger-van R ij(1952)
The nine i s o la te s  given t h i s  d es ig n a tio n  resem bled th e  d eso rp tio n  o f th e  
type sp ec ies  except th a t  four were unable to  ferm ent glucose* /il.l 
re q u ire d  b io t in  fo r gTowtîi? were unable to  s p l i t  f a t  or liq u e fy  g e la t in ,  
and u t i l i s e d  th e  fo llow ing  a d d itio n a l carbon compounds ™ xylose,rnannose , 
r a f f in o s e ,  b-æ^abiiiose, l)-m am iitol, s a l i c in ,  s o rb ito l ,a n d  g lycerol*  Fucose, 
le id in a rin , and in u l in  were not u t i l is e d *  D iffe rences were noted amongst 
th e  i s o la te s  w ith reg ard  to  range of teiriper- tu ro  p e rm ittin g  growth and 
th e se  to g e th e r  w ith  th e  d if fe re n c e s  in  sugar fe rm en ta tio n  have been 
used  to  p la ce  th e  is o la te s  in  f iv e  Groups as in d ic a te d  below# The 
numbers o f th e  i s o la te s  com prising those  Groups to g e th e r  w ith th e i r  














Range o f T anperature 
p erm i t t i n g  Growth 
( in  % )
4 -  37
4 -  30




G rouping o f  i s o l a t e s  and t h e i r  r e p e o t iv e  c e l l  m easurem ents i n  yi

















n  ■ JT»Wfi.'l*ji*n #f## « 1
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r. wrwajli #m w
on ma.lt wort agar 
low er mean upper 
l im i t s  Inn i t s
A .5 ,5 .5  
5 .0 ,5 .5  
0, 5
3 .0 .3 .5
2.0.2.5
2 .0 .2 .5
3*6 X 4.3
3 .6 X 3 .9
3 .0 X 3.5
lower mean upper
l im i ts l im i ts
2 .5 ,4 .0 3 .7  X 4.3 5 .0 ,6 .0
2*0,2 .5 3*4 % 3 .8 5 .0 ,5*0
2 .0 ,3 .0 3 .3  X 3 .8 v^# 0  ^ ^
2 .0 .2 .0  3 .5  X 3 .2  4 .5 ,5 .0
3 .0 .3 .5  3 .9  X 4 .4  5 .0 ,5 .5
2 .0 .2 .5  3 .2  X 3 .4  5 .5 ,5 .5
2 .0 .2 .0  3 .4  X 3 .7  4 .5 ,5 .0
tfinaww* *»ViW"S'
2 .0 ,2 .5  3 .3  X 3 .6  5 .0 ,5 .0
2 ,0 ,2 .0  3 .2  X 3 .6  4 .5 ,5 .0
2 .5 ,2 .5  3 .0  X 3 .9  4 .5 ,5 .0  
3 .0 ,4 .0  3 .8  X 3 .9  4 .5 ,5 .0
2 .0 .2 .5  3 .4  X 3 .7  5 .0 ,5 .5
2 .0 .2 .0  3 .4  X 3 .7  5 .0 ,5 .5
2 .5 ,3 .0  3 .5  X 3 .9  4 .5 ,5 .0
2 ,0 ,2 .0  2 .9  X 3 .2  5 .0 ,5 .0
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c) T o ru lo p sis  Incon sp icua
Type sp ec ies -  a f te r  fodder and T reger-van  R ij(1952)
Two o f th e  fo u r is o la te s  g iven th i s  d es ig n a tio n  d if fe re d  from th e  type 
sp ec ie s  in  being ab le  to  s p l i t  a rb u tin  weakly* D ifferences amongst 
th e  i s o la te s  were a lso  noted in  th e i r  a b i l i t y  to  ferm ent g lucose -  a 
v a r ia b le  c h a r a c te r i s t ic  o f th e  type  sp ec ies  -  and to  a s s im ila te  th e  
a d d i t io n a l  range o f carbon compounds te s te d  i . e .  xylose? r a f f i n e so, 
L«arabirioBe, D-m annitol, mannoso, s a l i î in ?  s o r b i to l ,  g lycero l?  fu co se , 
in u l in ,  and lam inar in .  D iffe rences were a lso  found in  v itam in  
requ irem en ts and range o f tem peratu re  p o rm ittin g  growth. None o f 
t.-G i s o la te s  were ab le  to  liq u e fy  g e la t in ,  s p l i t  f a t ,  or produce 
starcho  Using th e  d i f f e r e n t  r e s u l t s  o f th e  t e s t s  mentioned above th e  
i s o la te s  have been p laced  in  th re e  Groups as in d ic a te d  below and th e  
mmbers o f th e  i s o la te s  com prising th e se  Groups to g e th e r  w ith t h e i r  
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B lo tin , 
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Temperature 




4 -  37
(p) -  p a r t i a l  requirem ent
2,0A

















on m alt wort agar 
lower
l im i ts  mean
upper
l i i a i t s
2 .0 .2 .0  2 .7  X 3 .3  4 .0 ,5 .0
2 .0 .2 .0  2 .6  X 3 .4  4 .0 ,5 .0
.«CAWII iwjii
2 .0 ,3 .5  3 .0  X 4 .6  5 .0 ,6 .5
2 .5 ,2 .5  3 .5  X 4 .0  5 .0 ,5 .0
in  m alt wort 
.Lower upper
l im i t s  mean l im i t s  !
2 .0 .2 .5  2*6 X 3*7 4 * 0 ,5 .0
2 .0 .2 .0  2 .8  X 3 .7  4*0 ,5 ,0
1 ,5 ,1 .5  2 .4  X 3 .3  4 .0 ,5 .0
3 .5 ,4 .0  4 .2  X 4 .8  5 .5 ,6 .5
2 0 5
D) T o ru lo p sis  inconsp icua (var)
The tv/enty fo u r i s o la te s  given th i s  d e s ig n a tio n  d if fe re d  from 
th e  type  sp e c ie s  *- T#inconspicua -  by th e i r  a b i l i t y  to  a s s im ila te  
potassium  n i t r a t e  and a lso  many were ab le  to  s p l i t  a rb u tin  wealdly.
None were ab le  to  s p l i t  f a t ,  l iq u e fy  g e la t in  o r produce s ta rc h  and of 
th e  a d d itio n a l cfæbon compounds te s te d  r a f f in e  so? fucose , in u l in ,  
h -a rab in o se , 0<*-mannitol, s a l ic in ,  s o r b i to l ,  m anno so, g ly c e ro l and 
xy lose  -  only th e  tlireo  l a s t  mentioned were assin iila tedo  D iffe ren ces 
were noted amongst th e  i s o la te s  w ith reg a rd  to  v itam in  requ irem en ts, 
fe rm en ta tio n  o f sugars and range o f tem pera tu re  p e rm ittin g  grovrth as 
w ell as th e  a b i l i t y  to  s p l i t  a rb u tin . Using th e se  d if fe re n c e s  th e  
i s o la te s  have been p laced  in  n ine Groups as in d ic a te d  below and th e  
numbers o f  th e  i s o la te s  com prising th e se  Groups to g e th e r  w ith t h e i r  













No » o f 





















B ,  F y r ( p )
Range o f Temperature 


















(p) «• p a r t i a l  requirem ent B -  B io tin  Pyr « P yridoxine Th « Thiamine
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Grouping of iso la te s  and thezli' respective c e ll  measurements in  u:

































on m alt wort agar 
lower upper
l im i t s  mean l im i ts
2 . 5 , 2 . 5  3 .4  X  3 . 9  5 . 0 , 5 . 5  
2 . 0 , 3 .0  3 .2  X  4.2  4 . 5, 5.0  
1 . 5 , 2 . 0  3 . 0 . X - 3 . 3  3 , 5 , 4.5
2 . 5 , 3 .0  3 . 9  X  4 .4  5 . 0 , 5 . 5
2 . 0 , 2 .5  3 . 6  X  3 .9  5 . 0 , 5.0
2 . 5 , 2 . 5  3 . 8  X  4 . 2  4 . 5 , 5 . 5
2 .5 ,2 .5  2 .6  X 3 .8  4 . 5,3 .5
2 . 0 . 2 . 5  3 .1  X  3 .6  4 . 5 , 5 . 5
2 . 0 . 2 .5  2 . 8  X  3 . 1  4 . 0 , 5 . 0
2 . 0 . 2 . 0  3 . 1  X  3 . 3  4 . 0 , 4.5
2 . 0 . 2 .0  2 . 6  X  3 . 0  5 . 0 , 5.0
3 . 0 . 4 .0  3.5  X  4 .8  4 . 5 , 6 .0
3 . 0 , 3 . 5  3 .8  X  4 .6  5 . 0 , 5.5  
3 . 5 , 3 . 0  3 . 9  X  4.3  5 . 5 , 6 . 0
2 . 5 . 2 . 5  
2.0,2.0
3 . 0 . 3 . 0
2.0.2 .0
2 . 5 . 2 . 5
3 . 3  X  
3 . 9  X
3 . 3  X
2 . 7  X




3 . 2  
3 . 8
4 . 5 . 5 .0
5 . 5 . 5 . 5
4. 5.5 .0
4 . 5.5 .0
4 . 5. 5 .5
1 . 5 , 2 .0  3 . 8  X  4 .2  5 . 0 , 5 . 5
2 .5 ,3 ,5  
1,5^1*5 
2 .0 ,2 .0  
2 . 0,2 . 0
3 , 0  X
2 .9  z
3 ,3  X 





5 . 0 . 5 . 5
5 . 0 . 5 . 5
5 .0 .6 .0
4 .5#5 .0
on m alt wort 
Tower'” *™'"™"™” 
l im i te  mean
upper
l im ite
2 .5 ,3 .0  3 .6  X 3 .9  5 .0 ,5 .5
2 .5 ,2 .5  3 ,8  X 4.5  6 . 0 , 6 . 5
3 .0 ,3 .0  4 ,0  X 4 .3  5 .5 ,6 .5
2 . 5, 3 .0  4 ,4  X 4 .6  5. 0, 6 .0
3 . 0 .3 . 5  4.6  X  4 .9  5 . 5 , 5 . 5
2 .0 .2 .0  3 .7  X 4.3  5 .0 ,7 .0
3 .0 .3 .0  4 .1  X 4 ,4  5 . 556.0
2 .5 ,3 .0  4 .1  X 4*6 6 .0 ,6 0
3 .0 .3 .0  4 .2  X 4 * 7  5 . 5 , 6 . 0
3 .0 .3 .0  A.O X 4 .4  5 .5 ,6 .0
2 .5 ,2 .5  4 .0  X 4 .4  5 .0 ,6 .0
4*0, 4 .0  4.3 X 4.8  5 .5 ,6 .5
3 .0 ,3 .5  3 .7  X 4 .4  5 .0 ,5 .5  
2 . 5 , 2 . 5  4.3  X  4 .7  5 . 5 , 6 . 0
2 . 5 . 2 . 5
1 .5,2 . 0
1 . 5 . 1 . 5
2 .0 .2 .5
3 .0 .3 .0
2 . 0 . 2 . 5
3*2 X 3 .3
3 .0  X 3 .4
A“. i* «X* . L—
4.2 X 4 .6
4.3 X Z.6 
3 .5  X 3 .9
4* 5 ,5 .0  
4*5 ,5 .0
5.0 .5*5 
5 .5 ,6 .0  
5 .5 ,5 .5
5 .0 .5 .0
3 .0 .4 .0  4*2 X 4.7  5 .5 ,6 .0
2 . 0. 2 .0  3 .9  X 4 .4  5. 5, 6 .0
3 .0 .3 .0  4 .2  X 4 .7  5 .5 ,6 .0
2 . 5, 3 .0  4.3 X 4 .8  5 .5 ,6 .5
2 C7 "*
E) T oru lopeis  Candida
Type ppeciee a f te r  fodder and K reger-van R ij(l9 5 2 )
Two o f th e  r iv e  i s o lâ te s  given t h i s  d e s ig n a tio n  d if fe re d  from th e  
type sp ec ie s  in  being ab le  to  s; l i t  a rb u tin  i . e .  34-0 and 330w* A ll 
th e  i s o la te s  were ab le  to  a s s h n ila te  th e  fo llow ing  a d d itio n a l carbon 
compounds -  xylose? raffinosG ? h-arabinose? DHiiannitol? mannose? s a lic in ?  
so rb ito l?  glyc^-)-ol nnd lam inar in . Fucose and in u lin  were not assim i- 
alatodo All were unable to  s p l i t  f a t ,  l iq u e fy  g e la tin ?  or produce 
starch® d iffe re n c e s  were noted amongst th e  i s o la te s  with reg a rd  to  
v itam in  requirem ents? sugar fo rm entationfp  v a r ia b le  c h a r a c te r i s t ic  o f 
th e  type  spec ies)?  range o f tem perature p e rm ittin g  grovrth as w ell as 
a b i l i t y  to  s p l i t  arbu tin»  Using th e se  d if fe re n c e s  th e  is o la te s  have 
been p laced  in  fotir Groups as in d ic a ted  below and th e  numbers o f th e  
i s o la te s  com prising th e se  Groups to g e th e r w ith  th e i r  re sp e c tiv e  c e l l  




No • o f 






Range o f Temperature 
p e rm ittin g  Groitth 
(°0)
1 2 ' iluco so B io tin 4. -  37 .
2 1
fVTMPrtiy
None Thiamine (p) 4 ~ 30
3 1 Mona B iot in , Thi&m ine 14 «" 30
4 1 None B lo t  in? Thiam in e 4 -  37
3BadRa*awi=«t#»«i'tBureKei *ea ---------—,------------  ^ . , ,
(p) «• p a r t i a l  requirem ent
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Grouping o f  i s o l a t e s  a,nd t h e i r  r e s p e c t iv e  c e l l  m easurem ents i n  pit
in  m alt v;ort
r








on m alt wort agar 
low er upper
l im i ts  mean l im i ts
2 .0 ,3 .0  2 .3  X 4 .4  4 .0 ,6 .0
1 .5 .1 .5  2 ,4  X 3 .9  3 .5 ,5 .0
1 . 5 , 2 . 0  2 . 8  X  4 . 4  3 . 9 , 9 . 0
1 .5 .2 .5  2 .2  X 3 .5  3 .0 ,5 .0
2 .0 ,2 .5  3 .1  X 4 .0  4 .0 ,5 .5
low er upper
l im i t s  mean l im i t s
2 .0 .4 .0  3 .3  X 5 .1  5 .5 ,7 .5
2 .0 .2 .0  3 .3  X 4 .3  4 .5 ,5 .0
1 . 5 , 1 . 5  2 . 8  X  4 . 0  4 . 0 , 1 0 . 0
2 .0 ,3 .0  3 .1  X 4 .1  4 .0 ,5 .5
2 .5 ,2 .5  3 .4  X 4 .1  5 .5 ,5 .5
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F) T o ru lo p sis  fam ata
(MAWWfMWMM*. Il# UIMéM
Type sp ec ies -  a f t e r  fodder and K reger-van R ij (1952)
The f iv e  i s o la te s  f i t t i n g  th e  d e s c r ip tio n  of th e  type species were 
unable to  liq u e fy  g e la tin ?  s p l i t  f a t  or produce starch.® A ll were 
ab le  to  a s s im ila te  th e  fo llow ing  a d d itio n a l carbon compounds ™ x y lo se , 
ra ffin o sG , Ii™arabiiiose, D-inannitol, mannose, so,lie in , s o rb i to l ,  
g ly c e ro l and lam in a rin . Only s t r a in  308s a s s im ila te d  in u l in  and 
fucose* D iffe ren ces  were noted amongst th e  i s o l a te s  w ith  reg a rd  to  
fe rm en ta tio n  of glucose (v a r ia b le  c h a r a c te r i s t ic  o f th e  type s p e c ie s ) , 
v itam in  requ irem en ts and th e  range of tem peratu re  p e rm ittin g  grovjth. 
Using th e se  d if fe re n c e s  th e  i s o la te s  have been p laced  in  th re e  Groups 
as in d ic a te d  below and th e  numbers of th e  i s o la te s  com prising th e se  











Range of Temperature 
p e rm ittin g  Growth
(oc)
1 1 Glucose(wk) Gio tin ,T h iam in e  
(p)
14 -  37
2 2 Glucose(wk) 1io t i n 4 -  37
3 2 None B io tin 4 30
(p) “™ p a r t i a l  requirem ent
21C
Grouping of iso la te s  and th e ir  respective c e l l  measurments in  ja:
Group S tra in on m alt wort agar in  m alt wort
No. No. lov;ei7 upper " lower upper
l im i ts mean l im its l im i t s mean ■ l im i tst* V îStoraÏM Sflfcitl# It
1 23CX-I 1 , 5 , 2 . 5 2.3  %  3 ,4 4 . 0 , 5.0 2 . 0 , 3 . 0 3 . 0 X  4.0  4 . 0 , 5 . 5
2 308s 2 . 0 , 3 . 0 2 . 6  X  4.0 4 . 0, 5.0 1 . 5 , 3 . 0 2 . 6  X  3 . 7  3 . 5 , 5 . 5




8 4 5 1 . 5 , 1 . 5 2 . 9  X  3 . 2 4 . 5 , 5 . 0 3 . 0 , 3 . 0 2 . 0 X 2 .7  7 .0 ,1 0 .0
846 2 .0 ,2 .0 3 . 7  X 3 . 9 5 .5 ,5 .5 1 . 5 , 1 . 5 3 . 0  X 3 . 5  5 . 0 , 7 , 0
-  211
G) Torulo p s i s  p  s eu d aria  (Z s o lt) nov• sp ec *
Type æ e c io s
,i *nuüCJ|i&wAf«
M4IÆ sm nC T  -  A fte r  3. days a t  25°G th e  c e l l s  a re  g lo b u la r ,5 -  8p in
d iam eter, s in g le  or in  ty p ic a l  "T o ru lo p sis" groupa* 
A fte r one month a sediment and r in g  a re  formed and 
w h itish  i s l e t s  a re  a lso  present®
MALT AGAR -  A fte r 3 days a t  25*^ 0 s im ila r  g lo b u la r  c e l l s  as found in  
mal'h e x tra c t  a re  observed bu t a t  th e  same t in e  th e re  
appear a lso  leïnon-shaped c e lls *  The c e l l  w all o f th e  
g lo b u la r c e l l s  i s  th ic k e r  th an  th a t  o f th e  lemon-shaped 
c e l l s .  The plasma o f th e  g lo b u la r  c e l l s  i s  y e llo w ish  
and a la rg e  f a t  g lobule i s  obvious in  each c e l l .  A fter 
one month a t  20^0 th e  s tre a k  i s  cream coloured? f l a t  and 
smooth,
DALMAU PLATS GULTURI'B -  Mo pseudomyceliuni formed 
SPORULATION ^ No spore foimiation on sodium-ac e t a t  a agar 
SUGAR FilRMSNTATION -  None
SUGAR ASSIMILATION -  Glucose? suG roB e,m altose ,lactosoggalactose  ■f've 
NITRATE ASSIMILATION -  -t-ve
GROWTH WITH ETHANOL AS SOLS CARBON SOURCE -  None
ASSIMILATION OF OTHER CARBON COMPOUNDS -  A rabinose, xylose? g lycero l?  
d e x tr in e , s o r b i to l ,  d u lc i to l ,  a c e tic  a c id , l a c t i c  a c id , c i t r i c  acid? 
g lucon ic  a c id  a l l  +vc. S ta rc h , in u l in ,  su c c in ic  a c id , m alic a c id , 
f im aric  a c id , t a r t a r i c  a c id  ™ a l l  -v e . 
lïaCïïLIN splittin g  -  weakly -i-ve
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I s o la te s
(a) S t r a in  43/6 -  T his s t r a i n  resem bled th e  type  sp ec ies  in  
ma^f r e s p e c ts  but some d if fe re n c e s  were apparent* A fter t lire e  days 
a t  2 5 on m alt wort agar th e  c e l l s  appeared oval to  elongated-ovai? 
m easuring -  (2*5^4.G) (3^Ç42L,2.5.) (4*G,6*0);r -  and a f t e r  a  s im ila r  
p e r io d  o f in cu b a tio n  in  m alt wort th e  c e l l s  measured -  (2 . 5, 4»O) 
(3*4 X 5^1)(4»5p8.Q)b* A fter one month a t  17/20^0 th e  s tre a k  
c u l tu re  on m alt wort agur was greyish'^whitep smooth and shining* 
A ss im ila tio n  of e th an o l occurred  as w ell as  th a t  o f a l l  th e  ad d itio n  
?nal carbon compounds -  x y lo se , r a f f in o s e ,  L-arabinoso? D^mannitol? 
s a l i c i n ,  s o r b i to l ,  g ly c e ro l and lam in arin  except mannose? fucose 
and in u l in .  No v itam in s were re q u ired  fo r  growth and no s p l i t t i n g  
o f a rb u tin  nor s ta rc h  p ro d u c tio n  was observed. S lig h t s p l i t t i n g  of
• f a t  occurred  and g e la t in  was l iq u e f ie d  a f te r  two weeks a t  25°G. The 
range o f temper a t  ui'O p e rm ittin g  grovrth was from 4^G to  30^0 w ith  
op tim al groifth a t  25^0.
(b) S tr a in  4G2 -  T his s t r a in  resem bled th e  type sp ec ies in  many 
re s p e c ts  but some d if fe re n c e s  were ap p a ren t. A fter thj?ee days a t  
25°G on m alt wort agar th e  c e l l s  appeared to  be oval to  lo n g -o v al in  
shape? m easuring -  (1*5 ,2 .0 ) (3 ,5  z  4>9) (5*0?7. G)p -  and no r in g  nor 
i s l e t s  were p re se n t a f t e r  one m onth 's growth a t  1 7 /20°G. A ss im ilâ t-  
sion  o f e th an o l occurred  as w ell as o f a l l  th e  a d d itio n a l carbon 
compounds -  ra ff in o se ?  L-arabdnose? D -m annitol, mannoso? sa lic in ?  
s o r b i to l  and lam in arin  -  except xylose? g ly c e ro l, fucose and in u lin .  
Growth/
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Growth occurred  w ithout v itam ins and no s p l i t t i n g  o f arbu tin?  l iq u e -  
: f a c t io n  o f g e la t in  nor s ta rc h  p ro d u c tio n  vras observed* The range 
o f tem peratu re  p e rm ittin g  g3?owth was from APO to  30^0 w ith  very  slow 
grovrth o ccu rrin g  a t  al3. tem p era tu res .
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H) Candida p a ra p s i lo s is
Type sp ec ie s  -  a f t e r  Dodder and K reger-van R ij (1952),
The tw en ty -f iv e  i s o la te s  resem bled th e  type  sp ec ie s  in  many re s p e c ts  
a lthough  a few d if fe re n c e s  were noted? i . e . ,  no g ia n t c e l l s  were 
observed in  th e  pseudom ycolia; th e  strealc c u l tu re  on m alt wort agar 
a f t e r  one m onth 's grovrth a t  17/20*^0 was vrliite r a th e r  than  cream -coloured 
to  y e llo w ish ; some i s o la te s  were ab le  to  s p l i t  a rb u tin ; some is o la te s  
were unable to  ferm ent g lucose even vjeakly. None of th e  i s o la te s  
cou ld  s p l i t  f a t ,  l iq u e fy  g e la t in  or a s s im ila te  fu co se . D iffe ren ces 
vrere apparen t in  v itam in  requ irem en ts, range of tem peratu re  p e rm ittin g  
growth as w ell as in  a b i l i t y  to  s p l i t  a rb u tin , ferm ent sugar and 
a s s im ila te  carbon compounds and on th e  b a s is  o f th e se  th e  i s o la te s  
have been p laced  in  n in e teen  Groups as in d ic a te d  below. The numbers 
o f th e  i s o la te s  com prising th e se  Groups to g e th e r  w ith  t h e i r  re s p e c tiv e  




No • of 
S tra in s
Sugar 
Fex'rnen- 
: t a t io n
A rbutin
S p l i t -




A d d itio n a l 
Carbon 
Oinpds.not 
u t i l i s e d y
Range of 
Temperature 






« B S a l ic in  































not u t i l i s e d
Range o f  
Temperature 
perm itting  
Æ q ^ h(°G ) __
4 1 Glucose
Galactose
B,Th, Pyr R affinose 14 -  42
5 1 Glucose B None 4 - 3 7
6 1 Glucose + B In u lin 4 - 3 7
7 1 Glucose B S a lic in 4 - 3 7
e 1 Glucose + B S a lic in
R affinose
4 - 3 7
9 1 Glucose ’{■ B In u lin
Laminarin
1 .^ •• 42
10 2 Glucose + B S a lic in
R affinose
In u lin
4 - 3 7
11 2 Glucose B R affinose
In u lin
Xylose
4 - 3 7




13 1 Glucose B(p) S a lic in
R affinose
In u lin
4 - 3 0
U 1 Glucose B(p),Pyr(p)
Pan(p)




15 1 Glucose + B,Th,
PâBâ




16 1 None 4'
Th(p)
S a lic in
R affinose
In u lin




A rbutin Vitamin A dd itio n a l Range of
Group No. of Sugar S p l i t - req u iï'e - carbon cmpds. Temperature perm it-
No.
MM** nwivHWMM
S tra in s Fermtn. : t in g : ment 8 not u t i l i s e d ;k ît in g  grovrth (°C)
17 1 None *i‘(wk) B S a l ic in 14 ™ 37
i*T Ip MO nwrti'i ifrnr##
R tiffinose
18 1 None Pjrr(p) None 4 "" 30




B “ B io tiïi Th -  Thiamine I  -* I n o s i to l  Pan -  Calcium p an to th en a te  
(p) -  P a r t i a l  requiïH^meat Pyr -  Pyridox ine
^ Fucose was not u t i l i s e d  by any of th e se  y e a s ts .
Grouping o f i s o la te s  and t h e i r  re s p e c tiv e  c e l l  measurements in
Wtt'imii.»*.», Wi«w.i’WHi'rtin|ii**iin^ni*ii» winaiM
in  m alt wort




on m alt wort agar 
lower upper
l im i ts  mean l im i ts
3 .0 .3 .0  4 .5  X 5.3  6 .0 ,7 .5
2 .5 .2 .5  3 .7  X 4 .1  5 . 0, 6 .0
1 .5 .1 .5  3 .2  X 3 .7  4 .5 ,5 .5
2 .0 .2 .0  2 .1  X 2 .2  4 .5 ,6 .5
2 .0 .2 .0  2 .4  X 3 .2  5 .0 ,5 .5
2 .5 .3 .5  3 .3  X 4 .9  4 -5,7 .0
2 .5 ,3 .5  3 .7  X 5 .0  4 . 5 , 6 .0
lower upper
l im i t s  mean l im i t s
3 . 0 . 3 .0  4 .8  X 5 .6  7 .0 ,7 .0
MW I* rui* » 1 :mi ^u iU]-m-wmw
2 . 5 , 3 .0  4 .1  X 4 .7  6 .5 , 8 .0
1 . 5 .2 .5  3 .7  X 4 .3  5 . 0, 9 .0
3 . 0 . 4 .0  4 .1  X 4^9 6 .0 ,6 .5
2 .5 .2 .5  3 .5  X 4 .1  5 .5 ,6 .0
2 .5 .2 .5 3 .4  X 4 .3  4 .5 ,5 .5
2 . 5 ,3 .0  3 .7  X 4 .7  5 . 0 , 6 .0
2 . 0. 2 .5 3 .0  X 4 .5  4 . 0 , 5.5
2 . 0. 3 .0  3 .1  X 4 .7  4 . 0 , 6 .0
2 . 5, 3 .0  3 .2  X 4 .1  4 .5 ,5 .5
2 .0 ,2 .5  2 .6  X 4 .1  4 . 5, 6 ,0
2 .5 ,2 .5  3 .1  X 4 .3  4 . 5 .7 .5
2 . 0 , 2 .5 3 .5  X 4 .8  5 .0 ,6 .5
2 .0 ,3 .0  3 .3  X 4 .4  4 . 0 , 5 .0




S tr a in
No*




11 L ig h tI  
L ig h t l l
12














on m alt wort agai" 
lower upper
1 limits mean l im i ts
2 .0^3 .5  2 .3  X 4*1 3 .0^6 .5
1 .5 ,3 .0  2 ,7  X 4.5 3 .5 ,6 .0
1 .5 ,2 .5  2 .6  X 4 .4  3 .5 ,5 .5
W i t# !! wvm w fipA.i&jW.'MWf ni
5.0,8.0  
6 .0 ,7 .5
'*3g3*0 3*0 X 4*4 4*5ÿ6.0
3.ÜJ.6.0
2 . 0. 3 .0  2 .8  X 4.3  4 . 0, 6 .0
2 .5 .2 .5  3 .6  X 4 .6  6 .0 ,7 .5
1 . 5.2 .5  2 .7  X 5 .0  4 . 0,5 .5
1 . 5. 2 .5  2 .2  X 4 .9  3 . 0, l o .0
2 .0 .2 .0  2 .6  X 3 .5  3 .5 ,5 .0
2 .0 ,3 .5  3 .2  X 4.5  5 .0 ,6 .5
2 .0 ,2 .5  3 .1  X 3 .9  5 .0 ,6 .5
in  m alt wort
lower upper
l i i a i t s  mean 1dm i t s
2 .0 ^3 .3  3 .1  X 4*3 4.3^5*5
1 .5 ,3 .0  2 .4  X 3 .9  
2 .0 ,2 .5  3 .2  X 3 .9
2 .0 .2 .0  4 .4  X 6 .3  
1 .5 ,1 .5  3 .6  X 5 .1
2 .0 .2 .0  2 .7  X 3 .5
3 .0 .3 .0  3 .3  X 4 .4
3 .5 .5 .5
5 .5 .5 .5
6 .0 .1 2 .5
5 .5 .8 .5
4 .0 .5 .5
4 .5 .5 .5
MrrATmBO*V$WrMiaFaLriSBM»Tye^t«*Ml*T9T«r»TrNW/AlVWiaVftKrl<MeiK)t1.Wr«ri**tWA11JV.iro.'T!»ttihleCld»l»tn
2 .5 .3 .0  3 .2  X 5 .8  4 .5 ,5 .5
2 .5 .3 .0  4 .0  X 4 .6  6 .0 ,7 .0
2 .0 .2 .5  3 .3  X 4*4 4»0 ,6 .0
2 .0 .3 .5  2 .8  X 4 .4  4 .5 ,8 .5
2,Cp3#0 3 .1  X 4*1 4*5^3*0
1 .5 .3 .0  2 .8  X 4 .5  5 .5 ,6 .5
2 .0 ,3 .0  3 .2  X 4 .0  4 .0 ,5 .0
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I) Candida 1 ip o ly t io a (v o r)
Typo fipocios a f t e r  Lodder and Kreger«van R ij (1952)
Tho te n  i s o la te s  g iven t h i s  d es ig n a tio n  d if fe re d  from th e  d e s c r ip tio n  
o f th e  type  sp ec ies  in  se v e ra l respects®  They were ab le  to  a s s im ila te  
n i t r a t e ;  t r u e  m yoelia were ab sen t; a f i lm - l ik e  p e l l i c l e  was produced 
a f t e r  one month’s gï*owth in  m alt wort a t  17/20^0; c y l in d r ic a l ly  shaped 
c e l l s  occurred  a f t e r  th re e  days on ma.lt wort agar a t  25^0 (except 
s t r a in s  Her3 and Her7); good grox*jth was o b ta in ed  in  e thano l medium; 
w h itish -g rey  s tre a k  was produced on m alt wort agmr a f te r  one month’s 
growth a t  17/20^0 having a d u ll  v e lv e ty  appearance (Her3 and Her? had 
w h itish -g rey  s tre a k s  w ith  a  smooth appearance) <,
A ll i s o la te s  re q u ire d  th iam ine fo r  grovrbh and th e  x'^ange of 
tem pera tu res p e rm ittin g  growth was /jPC to  30^0® Only mannose and 
g ly c e ro l o f th e  a d d itio n a l carbon compounds te s te d  i . e .  x y lo se ^ sa lic in ^  
ra ffin o so p  1>arabinose^ D-maiinitolp so rb ito l^  lam inarin^ fucose and in u lin , 
were a s s im ila te d  (Her3 and Her7 were a lso  a b le  to  a s s im ila te  in u l in  
and s o r b i to l ) .  Only Her3 was ab le  to  s p l i t  a rb u tin .
The numbers of th e  i s o la te s  com prising t h i s  sp ec ies group to g a -  
: th e r  w ith  theix" re sp e c tiv e  c o l l  dimensions /. r e  in d ic a te d  below :-











on m alt wort agar ( in  u) : 
low er upper
l im i t s  mean l im i ts
2 .5 .2 .5  2 .8  X 4 .2  4 .0 ,5 .5
2 .5 .2 .5  3 .2  X 3 .9  4 .5 ,5 .5
2 .5 .3 .0  3 .2  X 4 .7  4 .0 ,6 .5
2 .5 .2 .5  3 .3  X 4 .8  5 .5 ,8 .0
3 .0 .4 * 0  3 .3  X 4*9 4 .0 ,6 .5
3 .0 .4 .0  4 .0 'x  5 .3  5 .0 ,8 .5
2 .0 .3 .0  3 .4  X 5 .0  5 .0 ,7 .0
2 .0 .2 .5  3 .5  X 5 .4  5 .5 ,7 .0
1 .5 .3 .0  3 .0  X 4 .8  5 .0 ,8 .0
2 .0 .3 .0  3 .2  X 5.2  5 .5 ,8 .5
lower upper
l im i t s mean l im i ts
2 .5 j»2*5 3 .0 X 4.2 4.5^6*0
2 .5 ,2 .3 3 .4  X 3 .9 5*5)6*0
2 .5 ,3 .0 3*4 X 5.3 4 .5 ,5 .5
2*3 ,3 .5 3*7 X 3.6 5 .0 ,7 .0
3 * 0,4* 3 3 .8 X 5.6 5 .0 ,6 .5
3 .0 ,4 .5 ^^ * 1. X 6*2 5 .5 )8 .5
2 * 3 ,3 .0 3 .4 X 5*5 4 .5 )7 .0
2 * 0 ,3 .0 2 .9 X 5 .2 3.5)6*5
2*3)3 .0 3 .4  X 5.6 5 .5 )9 .0
2 .0 ,2*3 3 .3 X 5.2 5 .0 )7 .0
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J )  Candida sevlanoides
Type sp ea ies -  a f t e r  Lodder and Kreger^van R ij (1952) 
I s o la te  249 resem bled th e  type species in  most re sp e c ts  except 
th a t  a f t e r  tlire e  days’ grovrbh in  malt wort a t  2 5 t he  c e l l s  were 
somewhat shorter^  measu ring  « (2*5,3 .0) (3 .6  x 4 . 8 ) (5• 5 ,6 .5 )yi . 
A fte r  a corresponding  p e rio d  of growth on m alt wort agar* th e  c e l l s  
measni'ed -  (3 .0 ,3*0) (4 .2  x  5 (5 = 0 ,6 .o)n • Good grovrbh in  
e th an o l mediim was observed. B io tin  was re q u ire d  fo r  grovrth.
V/oak s p l i t t i n g  of f a t  occurred  bu t no l iq u e fa c t io n  o f g e la t in .
Of th e  a d d it io n a l carbon compounds te s te d  i . e . ,  x y lo se , r a f f in o s e ,  
I^*ai»abinose, s a l ic in ,  D-m annitol, mannose, s o r b i to l ,  g ly c e ro l, 
lam in a rin , fucose and in u l in ,  only D -m annitol, mannose, s o rb i to l  
and g ly c e ro l v;ere a s s im ila te d . Tho range of tem perature p erm it-  
î t in g  growth was 4^8 to  37*^0. Litmus m ilk vms not pep ton ised  and 
a s l ig h t  a lk a lin e  r e a c t io n  v;as observed.
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K) Candida tp e o ie s
(a) S tr a in  417s -  This s t r a in  resem bled th e  type  species o f 
5&PM,S£S.ll2SiS (Lodder and K reger-van R lj,1952) except th a t  i t  posse-
; seed th e  a b i l i t y  to  a s s im ila te  pot as slim  n i t r a t e .  Ho g ia n t c e l l s  
were observed in  th e  pseudoniycelia and very  few b la s to sp o re s  were form- 
îed . The s tre a k  cnltm re a f t e r  one month’s growth a t  17/2CPG on m alt 
wort agar was w hite , sh in ing  and somewhat rugose . No s p l i t t i n g  of 
f a t  or l iq u e fa c t io n  of g e la t in  occurred  and a f t e r  se v e ra l days' gr‘Owth 
a t  25°0 in  litm u s m ilk an a lk a l in e  r e a c t io n  was produced and no p ep to - 
în is a t io n  o ccu rred . Of th e  a d d itio n a l range of carbon compounds -  
xy lo se , r a f f in o s e ,  h“-arabiriose, D-m annitol, mannose, s a l ic in ,  s o r b i to l ,  
g ly c e ro l)  lam in a rin , fucose and in u lin  -  only r a f f in o s e ,  lam in a rin , 
fucose and g ly c e ro l were not a s s im ila te d . A fter th re e  d ay s’ growth 
on m alt wort agar a t  23^0 th e  c e l l s  measui'ed « (2 .0^2 .3 ) (2*8 x 3*7) 
(4*3)6*3) and a f t e r  a s im ila r  p erio d  of growth in  m alt wort t h e i r  
measurements were -  (2 .0 ,2*3) (2*7 x  3*6) (4*Og3*3)^^. b io t in  was re q u i-  
sred  fo r  ^growth and th e  range of temperatux^e p e rm ittin g  growth was 4-^ 0 
to  30° c .
(b) S tra in r. 419H, 420H, 421m, 424H and 427s A f u l l  d e s c r ip tio n
of th e se  s t r a in s  i s  given below :-
MALT ’:ORT -  A fter 3 days a t  25^0 th e  c e l l s  wez'O elongated-ovsil to
c y l in d r ic a l  in  shape w ith s in g le ,te rm in a l  buds. A sm all 
f lo c c u le n t d ep o s it was formed* A fter one month a t  17/20^0 
a  la rg e  f lo c c u le n t dep o sit and d e l ic a te  creep ing  p e l l i c l e  
were p re s e n t.
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MALT ’'v’ORT AGAR — A fter 3 days a t  25^0 th e  c o l l s  had a sh ïiila r  appeara—
sno0 to  th o se  in  m alt w o rt. The strealc a f t e r  one 
month a t  17/20%  G,ppeo3?ed yellow ish-brow n, g lis te n in g  
and smooth.
SLI]}.d GIJLTURIV5 -  The pseudomyceliuin was w e ll developed, long , th in
and much branched w ith  only a few b la s to sp o re s ,
SPORH; FORMATION -  None observed
GUGAR FSRM5HÏATI0N -  hone
SUGAR AtSIMILATION -  Glucose and sucroso were a s s im ila te d  by a l l  tho
i s o l a t e s .  Oirly 42OH, 4-2Im, 424H and 419H ass:lm i- 
î la te d  m altose ; 4^ -911 a lso  a s s im ila te d  g a la c to se .
NITRATE ASSIMILATION -  A ll ^ve
ETNASOL ASSIMILATION « A ll th e  i s o la te s  a s s im ila te d  e thano l
SPLITTING OF ARBUTIN -  A ll «ve
ADDITIONAL TESTS -  None o f th e  i s o la te s  re q u ire d  vitaimins fo r  growth 
and th e  range of tem peratu re  p e rm ittin g  growth was 4^0 to  30^0
w ith  optim al growth from 14% to  25% . A ll th e  is o la te s  wore
ab le  to  s p l i t  f a t  and liq u e fy  g e la t in .  D iffe rences were noted 
in  t h e i r  a n i l i t y  to  a ss im ilr.to  tho  a d d i t io n a l  carbon compounds -  
as  l i s t e d  in  (a) -  and u sing  th e se  to g e th e r  w ith th e  d if fe re n c e s  
in  th e  prim ary a s s im ila tio n  t e s t s  th e  i s o la te s  have been p laced  
in  th re e  Groups as in d ic a te d  below. The numbers o f th e  i s o la te s  
com prising th e se  Groups to g e th e r  w ith  t h e i r  re s p e c tiv e  c e l l  




No • of 
S tra in s
A ssim ila tio n  of f iv e  
sugars of Lodder and 
Kr 0ger-van  Ri;] ( 1952 )
A dditional carbon 
compounds not 
u t i l i s e d
1 1 GlueOS0)Sucrose? 
M alt0SO) G alactose
L-arabinoso? fucose 
g ly ce ro l
. 2 3 Glucose? Sucrose 
M altose
M-arabinose? fucose? 
glyc e r o l? r a f f in o  se ? 
lam in arin
3 1 Glucose? Sucrose Ir^arabinose? fucose? 
g lycero l?  ra ff in o se ?  
lam in a r  in? saJ.ic in? 
m annitol) s orb i t  o l
Grouping of i s o la te s  and th e i r  re sp e c tiv e  c e l l  measurements i n ^ : «
Group S tra in on fGglt _ „
No* No* lower upper
1 im i t  8 m ea n 3. u n it s
1 419N 2 ,5 )5 .5  3 .5  X 7 .9  4*5)10
2 420H 2 . 0, 3 .0  3 .3  X 5 .0  5 . 0 ,6 .5
421m 1 . 5 , 4 .0  3 . 0  X 6 .5  4 . 0 ,8 .5
424JÎ 2 .5 ,5 .0  3 . 4  X 6 .7  4 . 5 ,7 .5
iewwiMii,?jiaig*iiriT
3 427s 2 . 5 , 5 .0  3 .6  X 7 .4  5 . 0 , 8 .0
k*F*«ewrfl*S»WHW*<»WWi«« wir,
in  m alt wort 
lower upper
l im i t s  mean l im i ts
2 .0 ,4 .0  3 .2  X 7 .1  4 .5 ,1 0
2 .0 .4 .0  3 .8  X 5 .7  5 .0 ,7 .5
2 .5 ,4 .5  3 .5  X 7 .1  4 .5 ,9 .0
2 .0 .2 .5  3 .4  X 6 .7  4 .5 ,8 .0
2 .0 ,3 .0  3 .7  X 6 .6  5 .5 ,8 ,0
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L) Rhodotorula g lu t I n is  var •x'^uboBcens
Type sp ec ies  -  a f t e r  Lodder and K roger-van R ij (1952)
The f i f t e e n  i s o la te s  given t h i s  c l a s s i f i c a t i o n  resem bled c lo se ly  th e  
d e s c r ip tio n  of th e  type  sp e c ie s . None were ab le  to  liq u e fy  g e la t in  
and only s t r a in  4 0 e d  s p l i t  f a t .  D iffe ren ces wore observed amongst 
th e  i s o la te s  w ith reg a rd  to  th e i r  a b i l i t y  to  s p l i t  a rb u tin (a  v a r ia b le  
c h a r a c te r i s t ic  o f th e  type species) and in  v itam in  requiszer/ients? range 
of temperatu3/e p e rm ittin g  growth and a s s im ila t io n  of a d d itio n a l carbon 
compounds -  xylose? ro ffinosO ) L»arnbinose? D-mannitol? mannose? fucose? 
s a lic in ?  so rb ito l?  in u lin ?  g ly ce ro l end la m in a rin . Using th e se  
d if fe re n c e s  th e  i s o la te s  have been p laced  in  tw elve Groups as in d ic a te d  
below and th e  numbers of th e  is o la te s  com prising th e se  Groups to g e th e r  





No * of 
S tra in s
A rbutin
S p l i t -
- t in g
V it ami in
R equire-
-m ents
A dd itio n a l carbon 
compounds not 
a s s im ila te d
Range of 
Temperatm*e 
p e rm ittin g  
grovrfch(%)
1 1 •Î* None S a l ic in 4 "  30
2 1 None S a lic in ?  xy lose  
Ir^arabinose
4 * 30
3 1 •h None S a lic in ?  fucose 
lam in a rin
4 -  37
4 1 •I' None
W!2*n HI*)»*-* •« HT3 ni r.*».
Ir'arabinose? so rb i-  
- t o i )  laminfxrin? 
D-m annitol
4 « 37







- r e d





S tra in s
nir«ny*T*wriWiMnt*w”rf*i*
A rbutin
S p l i t -
- t i n g
V it ami in
R equire-
-m ents
A d d itio n a l carbon 
compounds not
ass  'n j.la te d
Range of 
Temx^erature 
p e rm ittin g  
gi'ovjth(%)
7 1 ■1' Tli(p) None 4 -  37
s 1
we*.»
Th(p) S o rb ito l?  m annito l 4 — 3u
9 1 •
ftippAMKeRg ffUM; # MiJir
■J* Th(p) S o rb ito l?  s a lic in ?  
,/J. y c ero 1 ? m annit o l  ?
ijuwa*.** *!y?WJw%r*g».^ »Kw »
4 - 3 7
lam in a rin





Th M aiinitol 4 -  37
12 1 Th S orb i to l?  mannit o l? 4 -  37
Mf»^ VVjiW.Splp-h.W ♦WrfaW.^FiWex'^iïaweWi'Wt?#!.
lam in a rin
Th ' Thiamine (p) -  P a r t i a l  requirem ent
^  S t r a in  1301 was lo s t  b e fo re  a l l  th e  a d d it io n a l  t e s t s  could be perfo- 
îrmed -  in c lu d in g  th o se  fo r  f a t  s p l i t t ' ng g e la t in  l iq u e fa c t io n .





S tra in  on m alt wort agar
NO. lower upper
1 m i t  s mean 1 im i t  s
1 .5 ,2 .5  3 .3  X 3 .8  5 .0 ,8 .C














2.C;,1.5 3 .4  X 4 .6  4 .5 ,7 .0
2 .5 ,3 .0  3 .4  X 4 .9  5 .5 ,6 .5
m m ttufr»  WtoaaîiTMBitîïrïlÆM*. rt<VwW«K.-fct^M!«*s
1 .5 .1 .5  2 .7  X 4 .1  4 .0 ,7 .0
2 .5 .2 .5  4 .0  X 4 .6  5 .0 ,6 .5
2 .0 ,2 ,0  3 .1  X 3 .6  4 .5 ,5 .5
2 .5 .2 .5  3 .5  X 4 .1  5 .0 ,5 .5
in  m alt wort
V"P*T'
lower upper
l im i t s  mean l im i ts
1.5 )2 .u 3.4- X 3.8 5.0,10
9 .0 .1 4
3 .0 ,3 .0  3 .7  X 5.3  5 .0 ,6 .0
5.0.10
 A. * VL ^ .O ^ « Wg
2 .1 ,3 .0  2 .8  X 3 .9
1.5)1*5 3 .0  X 4.3
trrVopuwM'i.WMa Wfi^.#*ii»*eieiMeaWBi»'i*y#win*».#iwii'CSR#m»#î«m:..,
2 .5 .2 .5  4 .4  X 4 .9
2 .1 ,.2 .0  2 .8  X 3 .4
1 .5 .1 .5  4 .0  X 5 .3
5 .5 ,6 .0
4 .0 ,5 .5




on m alt wort agaz* in  m alt wort
Group 
Ho •
S tra in  
H o ,
lower




l im i ts mean
upper
l im its
8 423p 3 .0 ,3 .0 3 .7  X 5.5 5 .5 ,7 .0 2 .5 ,4 .0 3 .4  X 5.6 5 .5 ,7 .0





3 .0 .3 .0
2 .0 .3 .0  
2 .0 ,2 .0  
2 .5 ,2 .5
3 .3  X 3 .7
2 ,7  X 4.5  
3 .0  X 3 .3  
2 .9  X 3 .3
4 .5 ,5 .0
4 .5 .5 .5
3 .5 .4 .5  
4 .0 ,5 .0
2 .0 .2 .5
3 .0 .3 .0
2 .0 .2 .5  
2 .5 ,2 .5
3 .4  X 3 .8  
3 .7  X 5.8
3 .4  X 3 .9  
3 .3  X 4-4
4 .5 ,5 .5
5 .5 ,8 .0  
5 .0 ,6 .0  
4* 5 ,6 .0
11 309p 2 .5 ,2 .5 4 .0  X 5.3 5 .5 ,6 .0 2 .5 ,3 .0 3 .9  X 5 .4 5 .5 ,7 .0
12 443p 2 .0 ,2 .5 3 .4  X 5 .0 4.5,12.5 2 .5 ,2 .5 3 .5  X 4 .8 5 .5 ,7 .5
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M) R hodotorula muoilaKinosii
Type sp ec ies  -  a f t e r  Lodder and Kreger^van R lj (1952)
The e ig h t i s o la te s  g iven t h i s  d es ig n a tio n  resem bled th e  ty p e  sp ec ie s  
in  most re s p e c ts  but some d if fe re n c e s  were apparent* A d e l ic a te  
c reep in g  p e l l i c l e  was produced on :.û. 1; woi't a f t e r  one month a t  17/20°G
by s t r a in s  1111? 329p? 33%)? 1110 and 1109 and s t r a i n  1111 was unable 
to  s p l i t  a rb u tin .  A ll th e  i s o la te s  a s s im ila te d  e th an o l and were ab le  
to  grow from /j?C bo 3 7 ^ G N o  s p l i t t i n g  of f a t  or l iq u e fa c t io n  of 
g e la t in  was observed. On th e  b a s is  of d if fe re n c e s  amongst th e  i s o la te s  
w ith  reg a rd  to  v itam in  requ irem ents and a s s im ila t io n  of th e  a d d i t io ­
n a l  carbu ' compounds -  xylose? ra ff in o se?  L-arabinose? D-mannitol? 
mannose? s a lic in ?  so rb ito l?  g lycero l?  lam inarin? fucose and in u l in  -  
th e  i s o la te s  have been p laced  in  f iv e  Groups as in d ic a te d  below* The 
ntimbers o f th e  i s o la te s  com prising th e se  Gro\ips togethex' w ith  t h e i r  





S tra in s
V itam in
Requirem ents
A ddit io n a l carbon 
compounds not 
a s s im ila te d
1 2 None S o rb ito l)  i)™mannitol
2
■■«sraw iw w T ffK M  I 'w i'*  rh*- 
1
Knat.n^ aili't.Piw
None S o rb ito l)  s a l i c in
<«3T~ÏT*
3
WSP tRirWTWNSWlfcC't'WÎT Wf 
1 Thiamin© (p) S o rb ito l)  s a l i c in
4. 2
HiriP5tS!OTÎi!5em»IWfW1WK*Srt3ra
Thiamine (p) S o rb ito l?  sa lic in ? fu co se ?  
m am iitol) g ly c e ro l ? lam in a rin
5 2 Thiamine None
(p) ™ p a r t i a l  requirem ent
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Group:Ing of :LSola'ber5 and th e i r  re sp e c tiv e  c e l l  measurements in  jx',
* M I-«H avtiTTi .i'#n»~« r
Group
No*
E) t r a i n  
No*







QXAm « #• N'OTk*#»-#■<
5
i» *a* Kvrtfli! * o  ■ ji#», wi*
427r ; 
427p ;
on m alt wo:t:*t o m v  
lower upper
l im it  6 m ean 1 in  i t  b
5)6 .5
rjffyr-*v£jtn^*





in  m alt wort 
lo irer upper
l im i ts  mean l im i ts
2 .0 ,3 .0  3 .0  X 4.5  4 .5 ,6 .0
2 .5 ,2 .5  3 .2  X 3 .9  4 .5 ,5 .5
r*Ti-nWvTT-‘twtSin—
2 .5 .2 .5  3 .3  X 3 .7  4 .5 ,5 .0
I HI I WH Mill l*m A * '■ » « ! Wl ■■»*■ li*BmJg3l!«.fl
2 .0 .2 .0  2 .6  X 3 .5  4 .0 ,6 .0
2 .0 .2 .5  3 .9  X 4 .2  4 .5 ,5 .0
2 .5 .2 .5  3 .2  X 4 .4  5 .0 ,5 .5
3 .0 ,3 .0  3 .9  X 4 .2  5 .0 ,6 .5
2 .5 ,3 .0  3 .0  X 3 .9  4 .0 ,5 .5
« « O  *11*# jt. MrtvtjtryjT ta M tf r r t %**%: r?
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N) R hodotorula ru b ra
Type speo ies -  a f t e r  Lodder and K roger-van R ij (1952)
The th re e  i s o la te s  given th i s  d és ig n a tio n  rosem bled th e  type sp ec ies  
except th a t  no pxxm itive pseudoniycelia were formed and slow growth 
w ith  g a la c to se  as th e  so le  carbon source was observed* No g e la t in  
l iq u e fa c t io n  or s p l i t t i n g  of f a t  occurred  and a l l  th re e  i s o la te s  grew 
from 4^0 to  37^9* S tr a in  11OS req u ired  no v itam in s fo r  growth and 
th e  o th e r two s t r a in s  both  re q u ire d  th iam in e* S tr a in  1103 a lso  
d if fe re d  from th e  o th e r two s t r a in s  in  being unable to  a s s im ila te  
D-m annitol) s o rb i to l  and s a l i c in  from th e  range o f a d d itio n a l carbon 
compounds t e s te d  •» icyloso? ra ff in o se ?  L -arabinose? D-mannitol? s a lic in ?  
so rb ito l?  g lycero l?  lam inarin? inu lin?  mannose and fucose -  whereas 
s t r a in s  430p and /i24p could not a s s im ila te  lam inarin? D«-mannitol and 
s o r b i to l .  D iffe ren ces in  c e l l  measiiremonts were a lso  observed. The 
i s o la te s  given t h i s  c l a s s i f i c a t i o n  to g e th e r  w ith  t h e i r  re s p e c tiv e  c e l l  






on m alt wort agar ( in  n) 
lower upper
l im i ts  mean l im its
2 .0 .2 .5  3 .2  X 4 .7  4 .0 ,7 .5
2 .5 ,3 .0  3 .6  X 5 .2  5 .0 ,1 2 .5
3 .0 .3 .5  3 .7  X 5.3  4 .5 ,7 .5
in  m alt wort ( in  u ) 
lower upper
l im i t s  mean l im i ts
2 .0 ,2 .5  3 .6  X 5.3 5 .0 ,8 .5
2 .5 .2 .5  3 .7  X 5 .3  5 .0 ,7 .0
2 .5 .3 .5  4 .0  X 5.7  5 .5 ,7 .5
ü) R hodotorula m inuta
Type sp ec ie8 -  a f t e r  Lodder and K reger-van R ij (1952)
9t r a i n  417p given t h i s  d e s ig n a tio n  resem bled th e  type species in  
most f e a tu re s  except th a t  somewhat la rg e r  c e l ls ?  oval to  c y l in d r ic a l  
in  shape? were produced a f t e r  th re e  days’ gx*owth in  m alt wort -  
(3*0?4#o) 6.*Q) (5 *OpB*0)j.i -  and on m alt wort agar th e  c e l l s
measured -  (2*5^3• O) (4*0?8*5)^ i<' A fte r  one month’s growth
a t  17/ 20^0 in  m alt wort no th in  r in g  x-;as observed and a f te r  a  s im ila r  
p erio d  of growth on m alt wort agcr th e  s tre a k  appeared p a le  p ink  
r a th e r  th an  orange to  red® Mo p r im it iv e  pseudoniycelia were observed, 
A rbu tin  was s p li t*  Only poor growth was exhib ibed  w ithout th iam ine 
i*e* p a r t i a l  requirem ent? and grox-rbh occurred  betnreen 4%î and 37%*
Mo s p l i t t i n g  of f a t  nor l iq u e fa c t io n  of g e la t in  occurred  and of th e  
a d d it io n a l carbon compounds te s te d  -  xylose? ra f f in o se ?  L-arabinose? 
D-mannitol? s a lic in ?  so rb ito l?  mannose? g lycero l?  lam inarin? in u l in  
and fucose -  only Im n im rin  and D-inannitol were not assim ila ted*
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r  ) P i.G Ilia raembrttnaefac ie n b
Type sp ec ie s  -  a f t e r  Lodder and K roger-van R i j (1952)
I s o la te s  188 and 189 given th i s  d e s ig n a tio n  c lo s e ly  resem bled th e  
ty p e  sp e c ie s . Weak f o r ie n ta t io n  o f glucose occurred? only one spore 
p e r ascus was observed and good groi-jth w ith  e thano l as so le  carbon 
source was exhib ited»  No s p l i t t i n g  of f a t  or l iq u e fa c t io n  of g e la t in  
ocGUZTed and o f th e  add itiona l, carbon compounds t e s te d  « xylose? 
ïj-tu^abinose? D-mamiitol? mannose? so rb ito l?  s a lic in ?  g ly c e ro l, fucose , 
in u l in ,  lam in a rin  and ra f f in o s e  -  only mannose and g ly c e ro l were 
a s s im ila te d . Good /p.'^owth occurred  w ithout v its jn in s  and th e  range 
of tem peratu re p e rm ittin g  growth was from 4%  to  The s iz e  o f
th e  c e l l s  a f t e r  th re e  days a t  25% on. m alt wort aga.r and in  m alt 
wort i s  in d ic a te d  below :-




on m alt wort agar ( in  u' 
lower upper ’
l im i ts  mean l im i ts
2 .5 ,6 .0  3 .4  X 7 .9  5 . 0, 15 .0
3 .0 ,6 .0  3 .2  X 7 .6  5 . 5, 14.0
#n#1rtn*V
in  m alt wort ( in  u) 
lower upper
l im its  mean l im i ts
2 .5 )6 .0  3 .7  X 7 .6  5.0)11*5
2 .5 )5 .7  3 .5  X 7 .7  5 .0 ,1 3 .0
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W) Tx’ichosppron p u llu la n s
Type sp ec ie s  -  a f t e r  Lodder and K roger-van R lj (1952)
S t r a in  13.13 given t h i s  d e s ig n a tio n  resem bled th e  ty p e  sp ec ies  in  every 
re sp e c t in c lu d in g  th e  a b i l i t y  t o ' s p l i t  fa t*  A fte r  th re e  days a t  25% 
on m alt wort agar th e  c e l l s  measured -  (1 .0 ,3 * 0 )(3*9 x 6 .9 ) (6 .5$12 .5 )u  -  
and in  m alt w ort -  (1 .5*2 .5) (3 .9  x 7*7) ( 6 .0 ,1 7 .0 )u . , No v itam ins were 
re q u ire d  fo r  growth and g e la t in  was not l iq u e f ie d .  The range o f 
tem pera tu re  p e rm ittin g  grozrth was from 14^0 to  30% . Only fucose 
from th e  a d d i t io n a l carbon compounds t e s t e d '-  xylose? r a f f in o s e , in u l in ,  
L-arabinosQ? D'^mannitol? mannose? so rb ito l?  s a l i c in ,  lam inarin? fucose? 
and g ly c e ro l was not assim ila ted*
R) Trichosi3oron c u taneuia v a r . mult i sporivn
Type sp ec ies  -  a f t e r  Lodder and K reger-vaii H ij (1952)
S tra in s  502 and 503 given t h i s  d es ig n a tio n  resem bled th e  type sp ec ies  
in  every resp ec t#  Good gi'owth w ith  e thano l was e x h ib ite d  and a rb u tin  
was s p l i t .  The s t r a in s  a lso  ex h ib ite d  tho  a b i l i t y  to  s p l i t  f a t  and to  
liq u e fy  g e la t in  ( a f t  or two weeks a t  25%) * Thiamine was p a r t i a l l y  
re q u ire d  fo r  growth and th e  range of tem peratu re  p e rm ittin g  grovrth was 
from 4^0 to  30% . Of th e  a d d itio n a l range of carbon compounds te s te d  
-  xylose? r a f f in o s e ,  L -arab inose , D-m annitol, g ly c e ro l, mannose, 
in u l in ,  g ly c e ro l, lam in a rin  and s o rb i to l  -  only lam in a rin , g ly c e ro l 
and D™*mannitol were not a s s im ila te d .
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s )  Gi;yptococcus a lb id u s
Type sp ec ie s  -  a f t e r  Lodder and K roger-van R ij (1952)
's t r a in  510 given t h i s  d es ig n a tio n  resem bled th e  type  sp ec ies in  most 
r e s p e c ts .  A fte r tiire e  days a t  25% on m alt wort agar th e  c e l l s  
measured -  (2 . 0^2 .5) (p . 5 ,x .4 . 4 ) (4 *535*5)iu and in  m alt wort -  (2 . 5?3 . 0) 
(3*9 X 4*5)(5 * 0 )6 .0)p.# No growth occurred  w ith  e thano l as so le  
carbon source and s p l i t t i n g  o f a rb u tin  was weak* Ho f a t  s p l i t t i n g  
nor g e la t in  l iq u e fa c t io n  occurred  and of th e  a d d it io n a l carbon 
compounds te s te d  -  so rb ito l?  If-arabinose? lam inarin? in u lin ?  mannose, 
ra f f in o se ?  xylose? D-m annitol, s a l i c in  and g ly c e ro l -  only th e  l a s t  
fo u r m entioned xzore no t a s s im ila te d . B io tin  was p a r t i a l l y  re q u ire d  
fo r  growbh and th e  range of tempereituxe p e rm ittin g  grox-rbh was from 
4%  to  30% .
.rT) Oryptococcus la u r e n t i
Type sp ec ie s  -  a f t e r  Lodder and Kroger^van R ij (1952)
S tr a in  511 g iven t h i s  d e s ig n a tio n  resem bled th e  type  sp ec ies in  every 
re sp e c t except th a t  a f t e r  one m onth 's growth a t  17/20%  in  m alt wort 
no r in g  was formed but a  th in  c reep ing  film  was p re s e n t. Gï’ovrth 
occurred  w ith  e th an o l as so le  carbon source and a rb u tin  was s p li t*
Ho f a t  s p l i t t i n g  nor g e la t in  l iq u e fa c t io n  was observed and o f th e  
a d d it io n a l range o f cïU’bon compounds te s te d  (as fo r  G .a lb id u s) only 
s a l i c i n  was not a s s im ila te d . Cxovrbh occurred  from 4^C to  25%  w ith
optim al gi’ovath a t  14%* Slow growth occui’red  a t  2 5 wi t hout  vitamins*
A fte r th re e  days* growth a t  25% on m alt wort agar th e  c e l l s  measured 
(2 .0 ,2*5)(4*5  X 5*3 ) (6 . 0?8 *0)p and in  m alt w o rt- (3*5®3,5 ) (4*5 x 5. 2 )
(6 .5 ,8 .0 ) ; i ,
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u) Oryptococcus d if f lu e n o
* iiBi'nran > Il III» fim.n .d m h'WiKWhVt .w * i# m ' m '^ u w * :#
Type sp ec ies  -  a f t e r  fodder and K roger-van R i j (1952)
S tr a in s  507 and 407 resem bled th e  type sp ec ies  in  some re sp e c ts  but 
some d if fe re n c e s  were appriren t• A fter one m onth 's growth a t  17/20%  
in  m alt wort only a r in g  and moderate v is c id  d ep o s it were formed and 
407 a lso  formed a th in  creep ing  p e l l i c l e .  A ss im ila tio n  o f g a lac to se  
appeared n eg a tiv e  fo r  s t r a in  5(7/ (a  weak a s s im ila t io n  o f g a lac to se  was 
re p o r te d  fo r  th e  type sp ec ies) and a good p o s i t iv e  fo r  s t r a in  407* 
S t r a in  407 a s s im ila te d  e th an o l and both s t r a in s  s p l i t  a rb u tin . N either 
s t r a i n  s p l i t  f a t  nor l iq u e f ie d  g e la t in  and th e  range of tem peratu re 
p e rm ittin g  groivth was from 4%  to  30% w ith  optimum groirbh occu rrin g  
a t  14°0 . Of th e  a d d it io n a l range o f carbon compounds te s te d  ( as fo r  
D .k lo eck eri) s t r a i n  507 could not a s s im ila te  r a f f in o s e  and fucose and 
s t r a i n  407 could  not a s s im ila te  g ly c e ro l, fucose  and lam in a rin .
The c e l l  measurements a f te r  th re e  days' gi’owth a t  25% on m alt 
wort agar and in  m alt wort a re  re p o rte d  below ;-
S tr a in
No.
on m alt wort agar ( in  u) 
lower upper 
1 limits mean l im i ts
in  m alt w o rt( in  u ) 
lovjer upper 
l im i ts  mean l im i ts
407
507
3 . 0, 4 .0  4 .9  X 5.5 6 . 0, 6 .5 
2 .5 ,3 .5  4 .2  X 5.7  6 . 0, 8 .0
3 .5 ,4 .0  4 .9  X 5 .7  6 .0 ,7 .0  
2 . 0, 3 .0  4 .5  X 5 .2  5 .5 ,7 .5
.III .......... . - ,  in 1 iiT i 11 « m—fcMr» w m i»  ii ................  ................. ....  a i| Pi
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V) Metschnücowia k r is s i i  (vanlîden and Gastelo-branco) nov.comb.
Type species
MORPHOLOGY -  A fte r  48 hours a t  25% in  i s o la t io n  b ro th  th e  c e l l s  a re  
round and oval -  (4*5 •" 5*0) x  (6*0 -  11.0)^i and long 
oval -  (4*5 -  6 .0 ) x (11.0  «• 1 3 .0 ^ ,  s in g le , in  p a i r s  and 
in  sm all groups. A th in  p e l l i c l e  may form a f te r  prolonged 
in cu b a tio n . The strealc c u l tu re  on i s o la t io n  agar a f t e r  
30 days i s  y e llo w ish -w h ite , s o f t ,  d u l l  o r g l is te n in g  and 
s l ig h t ly  p o in ted . A p r im itiv e  pseudomycelitun i s  formed*
SPORULATION -  A sci a re  formed abundantly on V8 medium* sp o ru la tio n  was 
not observed in  i s o la t io n  medium, m alt agar or corn-m eal 
agar* Asci a re  olub*^shaped, 12 -  24jP long , and co n ta in  
a s in g le  need].o-shaped ascospore, p o in ted  a t both ends 
and 15 -  21^ long.
JMiRMiWrATION -  None
ASSIMILATION  ^ -  Glucose, sucrose , m altose , e th an o l, g ly c e ro l, s a l i c i n
and D-mannitol -  all+ve* G alactose , la c to s e , n i t r a t e ,  
r a f f in o s e ,  in u l in ,  I)-xylose, L -arab inose ,and  D -so rb ito l 
-  a l l  -ve*
VITAI'IIN EliJJIRiiLjENTS -  B io tin  and th iam ine a re  necessary  fo r  grovrth
MAXIMUM TEHPiiRATURE PERMITTING GROWTH -  34% to  35%
EXPimiMENTAL PATHOGENIGITY -  for Daphnia magna
I s o la te s
The f iv e  i s o la te s  g iven th i s  d es ig n a tio n  resem bled th e  type  species in
mos t /
most respects but some differences were apprirent i . e .  week fermenta- 
stion of glucosG, requ;Irenlent of b iotin  only for grovrth and no assimi- 
îla tion  of ethanol. No fat sp littin g  nor liquefaction of gelatin  
occurred and growth was observed from 4^G to 37°G. Arbutin was split»  
Of the additional caz'bon compounds tested -  D-mannitol? mannose? inulin. 
sorbitol, laminarin, sa lic in , glycerol, xylose, raffinose and I/-arabi- 
snosQ -  only the three last-mentioned were not assim ilated. In their  
a b ility  to assim ilate inulin and sorbitol the iso la tes  d iffer from the 
type species.
The c e l l  measurements n ^ te r  3 days a t  25^0 in  m alt wort and on 








on malt wort agar (in  u)«*,«1»».# f UT»* — w— 1% I.■Mini
lower upper
lim its mean lim its
3 .0 .3 .0  4 .5  X 6 .1  6 .0 ,9 .5
4 .0 .4 .0  4 .3  X 5 .9  7 .5 ,S .5
3 .0 .3 .0  4 .6  X 6 .1  6 .5 ,7 .5
2 .5 ,3 .5  4 .4  X 5 .7  7 .5 ,8 .5
3 .0 .3 .0  4 .2  X 5.5 6 .5 ,8 .0
in  mal t  wort( in m)_____
lower upper
lim its mean lim its
4 .0 .4 .0  4 .2  X 5 .9  6 .5 ,7 .5
3 .0 .4 .0  4 .4  X 6 .3  7 .5 ,8 .5
3 .0 .3 .5  4 .8  X 6 .4  6 .5 ,8 .0
3 .0 .3 .0  3 .9  X 5 .2  5 .5 ,7 .5
4 .0 .4 .5  4 .9  X 6 .2  6 .0 ,7 .5
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W) Pü3.1ularia pulX ulans (da Baiy)Borlchout(1923)?a f t e r  Wynne & G ott(l956)
S m .s p e c ie §
B la s t o spores 3 - 4 x 7 -  l l ; i ;  chlamydospores 14;i; a r t  hr o spores 3 - 4  %
7 -  l(ÿu; eladosporiurn forms 3 -  5 x 12 -  l/|^i* Small b lack  co lo n ies  
w ith  (;p7oenish-black 'surface and a e r i a l  m yoelia on Sabouraud's? corn- 
: meal g n u tr ie n t  and Littm an agar., Pigment produced only an a e ro b ica lly  
Groifth a t  37% . P e l l i c le  in  b ro th  w ith  s l ig h t  sediment* Oarbohydra- 
î t e s  no t fermented»
I s o la te s
I s o la te s  BYl? BY2 and 117A resem bled th e  type  sp ec ie s  in  producing 
b lack  mucoid growth on s o lid  n u tr ie n t  media which la te r (e x c e p t  117A) 
became somewhat woolly in  appearance due to  form ation  of hyphae* A fte r 
one m onth 's growth in  m alt wort a t  17/20^0 BYl and BY2 produced a 
s l ig h t  r in g  and a m oderate brown g ran u la r d ep o s it and 117A produced 
a  moderate b lack  mucoid d e p o s it. % c e l ia  and o v al, lemon and elonga- 
s ted  y e a s t- li lc e  c e l l s  i . e .  b ia s  t  o sp or e s , w it h s in g le  p o la r  buds were 
produced by each i s o l a te .  A fte r 3 days a t  25% th e  b la s to sp o re s  o f 
BYl and BY2 measured -  (2.0*4*0) (3*6. x 4*8) (5$0@7*5)u and th o se  o f 
U7A -  ( 2 . 5 , 4 . 5 ) ( 2 . i x ^ ) ( 5 . 0 , 7 . 5 p
No sugar fe rm en ta tio n  occuired* Glucose, sucrose , m altose , lac tose^  
g a la c to se  and e th an o l were a s s im ila te d  by a l l  th re e  is o la te s  but only 
BYl and BY2 assim iila ted  n i t r a t e .  No a rb u tin  s p l i t t i n g  occurred .
Growth occurred  from 4%  to  37% and of th e  a d d it io n a l carbon compou­
n d s  te s te d (a s  fo r  D .k lo eck eri) BYl and BY2 were unable to  u t i l i s e  
r a f f in o s e ,s o r b i to l  and 1 1 7 A ,ra ff in o se ,fu c o se ,lam in a rin  and in u lin .
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x) U n id en tif ied  S tra in s
( l )  S t r a in  182i-
M/iLT WORT -  A fte r 3 days a t  25% th e  c e l l s  were e longated -ova l w ith  
monopolar budding and measured -  (2 . 5*2 . 5) ( 4 .2  x 5 . 9 )
(5 * 5 ,9 .5 )^ . A fter one month a t  17/20%  a la rg e  f lo c c u le n t 
d ep o s it and r in g  were p re se n t.
MALT WORT AGAR -  A fte r  3 days a t  25% th e  c e l l s  were round, oval and
c y l in d r ic a l  in  shape w ith  monopolar budding and measu- 
;re d  « (2 .5 .3 * 5 )(4 .3  x 6 . 6 ) (6 .5 .1 2 .5 )u . The s tre a k  
a f t e r  one month a t  17/ 20*^ 0 appeared w hite , d u ll  and 
smooth.
SLIDE OULTURjiB -  The pseudomycelium was w ell developed, long, th in ,  w ith
few b lasto spo res*
SPORE FORMATION -  Oval o r e longated -ova l a s c i  were formed on Goradkowa's
agar and con ta ined  1 to  4 sp o res .
FERMENTATION OF SUGAR -  Glucose only
SUGAR itSSIMILATION -  Glucose, suorose^rnaltose,g a la c to se  -  a l l  +ve
la c to s e  «• -V0
ASSIMILATION OP KNO3 -  -v e  
ASSIMILATION OF ETHANOL -  
SPLITTING OF ARBUTIN -  -v e
ADDITIONAL Tü î^TS -  Grov/th occurred  from 4^0 to  42% . No f a t  s p l i t -  
g ting  nor g e la t in  l iq u e fa c t io n  occurred  and o f th e  a d d itio n a l 
carbon compounds te s te d  ( as fo r  D .k lo eck e ri) only ra f f in o s e  and 
mannose were a s s im ila te d . B io tin , in o s i to l  and calcium  p an to th e - 
snate  were re q u ire d  as growth f a c to r s , th e  l a s t  two only p a r t ia l ly *
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(2) S t r a in  179 î-
MiLT WORT « A fte r  3 days a t  25% th e  c e l l s  were round and oval w ith
monopolor or b ip o la r  buds and measured -  (3 .0*3 .0) (5 x 5*5)
(6®5)7.5)^- A fte r one month a t  17/20%  a la rg e  flooou- 
s le n t d ep o s it was p re se n t.
MALT WORT AQAR « A fte r  3 days a t  25% th e  c e l l s  wejze s b a ilo r  in  appea-
sranee to  th o se  in  m alt wort and measured « (2*5?3*5)
(5*0 % 5*5) ( 5 ,0 ,7 * 0 ^ .  The strealc a f te r  one month a t  
17/ 20% appeai'od white? g l is te n in g  and smooth.
SLIDE CULTURES -  No pseudomycolium was formed.
SPORE FORMATION -  Round a s c i  were formed on Goradlcowa’ s agar co n ta in ­
i n g  1 to  4 thick-v;£illed spores w ith  c e n tr a l  o i l -  
sd ro p le ts .
FERMENTATION OF SUGAR -  None
SUGAR ASSIMILATION -  G lixcose,sucrose?nialtof3e,galactose -  a l l  +ve
la c to s e  -  -v e  
ASSIMILATION OF KNOg- +ve 
ASSIMILATION OF ETHANOL -  4-ve 
SPLITTING OF ARBUTIN -  ■’•ve
ADDITIONAL TIBTS -  Growdih was ex h ib ited  from 4^0 to  37% . No s p l i t -  
î t in g  o f f a t  nor l iq u e fa c t io n  of g e la t in  o ccu rred . Of th e  add i- 
s t io n a l  carbon compounds te s te d  (as f o r  D .k lo eck eri)o n ly  jcylose, 
mannose and g ly c e ro l were a s s im ila te d . B io tin , p^nridoxine and 
th im in e  were re q u ire d  fo r  groifbh? th e  l a s t  m entioned one only 
p a r t i a l l y .
